











Ee 

; 
Pe 
f 
a 
oe 
ii 
22 
Z 








JOURNAL 


OF THE 


AMERICAN WELDING SOCIETY 





Copyright 1925, by the American Welding Society, 
33 West Thirty-ninth Street, New York. 
Subscription $10.00 per year to United States. $11.00 to Canada. Libraries $5.°9. 
Back numbers, per copy; Members, $0.50; Non members, $1.00 


The Society is not responsible for any statement made or opinion expressed in its 
publications. Permission is given to reprint any article after its date of publica- 
tion, provided proper credit is given. 

























Volume 4 JULY, 1925 Number 7 








TABLE OF CONTENTS 


Society and Related Activities Page 
Section Meetings, American Welding Society...............2.ceeececees 3 
Pe 5 Sis bus ce cccee ee CUB REET A otk CHASE 6 b8 cUOCS 0s c Mga dace ee 3 
ERD COMOONOET oic o DUE PEE vba BAR BA ea din bet cncsccecccncagescoues 4 
Director of American Bureau of Welding ...............00cccccceeeenes 4 
Vice-Chairman Middle Western Division ................ceeseccececeuee 4 
SOG: FCF s cab 05s Sl en tee cede Ue Uwe sb ssbb bc cccsewctcccccenee 4 
AS ee rer ee 5 


Technical Papers, Items and Reports 


Sees GE BU GN WINS Fi cinin 0.0 oie ccc c csp cv cwdervesvecccsess 6 
Inspecting and Checking Skill of Operators in Rail Joint Welding......... 14 
EE ne 18 
Bronze Welding for Locomotive Frames ...............-000s-eeeceeeeees 24 
VR ee On ea a, ORNS Sis cee veceatbewwbccconncecs 26 
Ca en en ee coc ee daaeeseccenetcdesoes 28 
eT LS ES ES er er eee 31 
Welded Unfired Pressure Vessels ..... 0.62 cccccceccccccsececssccscecces 34 
Welding Instructions to Apprentices ...........6. 6c cceeeeeeeeeeeeenees 46 
TRG WENGE SUN DEORE MID oo. i ccc cccccccmcgecoccessccpeccces 51 


ee OO PETE LE PELEEL ETL EEE 54 

















SECTION OFFICERS AND HEADQUARTERS 


PHILADELPHIA 
Engineers’ Club, 1317 Spruce St., Philadelphia, Pa. 
Chairman—P. A. L. Maurhoff, District Manager, Oxweld Acetylene Co. 
Secretary—H. E. Hopkins, 709 W. Huntington St., Philadelphia, Pa. 


CHICAGO 
Monadnock Building, Chicago 
Chairman—T. M. Jones, Illinois Steel Co. 
Secretary—Stuart Plumley, Editor, Acetylene Journal. 


PITTSBURGH 
1841 Oliver Bldg., Pittsburgh 


Chairman—J. D. Conway, Secretary-Treasurer, Railway Supply Mfg. Assn. 
Secretary—H. E. Hollis, P. O. Box 681, Pittsburgh, Pa. 


NEW YORK 
33 West Thirty-ninth Street, New York 
Chairman—A. G. Oehler, Editor, Railway Age. 
Secretary—A. F. Keogh, Sound Welding Company. 


NORTHERN NEW YORK : 


General Electric Co., Schenectady ’ 

Chairman—D. H. Deyoe, General Electric Co., Schenectady, N. Y. ‘ 

Secretary—V. J. Chapman, General Electric Co. 
CLEVELAND 


2200 Chester Avenue, Cleveland, Ohio 
Chairman—Hugh H. Dyar, Linde Air Products Co. 
Secretary—R. K. Randall, Dean, Welding School, Cleveland School of Tech- 
nology. 
SAN FRANCISCO 
Rialto Building, San Francisco 
Chairman—G. O. Wilson, Engineer, Standard Oil Company of California. 
Secretary—W. B. Sawyer, Jr., United States Steel Products Company. 


LOS ANGELES 
451 East Third Street, Los Angeles 


Chairman-—L. J. Smith, District Sales Manager, The Ideal Electric & Mfg. Co. 
Secretary—E. W. Crane, E. E., 1119 Santa Fe Avenue, Los Angeles. 


BOSTON 
Engineers’ Club, 2 Commonwealth Avenue, Boston, Mass. 


Chairman—T. A. Wry, General Electric Co., Lynn, Mass. 
Secretary—J. W. Morrissey, P. F. McDonald & Co. 


WESTERN NEW YORK 
509 Morgan Bldg., Buffalo, N. Y. 


Chairman—Robert Siemer, Allan Mfg. & Welding Co. 
Secretary—C. D. Miller, Burke Electric Co., Buffalo, N. Y. 


DETROIT 
Chairman—H. M. Gould, Assistant General Manager, Dept. of Street Rail- 
ways, City of Detroit, Mich. 


a L. Finch, Detroit Range Boiler and Steel Barrel Co., Detroit, 
ich. 


9 





epysawinbice seth | 








ig 


2) coal 











AMERICAN WELDING SOCIETY 


ESTABLISHED 1919 


JOURNAL 








Volume 4 


July, 1925 


Number 7 












































LOCAL MEETINGS OF AMERICAN 
WELDING SOCIETY 


The National Meetings and Papers 
Committee of the American Welding 
Society has just announced tentative 
plans for assisting local sections dur- 
ing the coming year in securing suit- 
able papers and speakers for section 
meetings. 


As has been the practice for several 
years, this Committee is making 
arrangements with a number of man- 
ufacturers of welding equipment and 
supplies and with various users of 
welding for papers and speakers to be 
available for local section programs. 
In addition to this, it is intended to 
offer assistance in developing pro- 
grams devoted to several of the fun- 
damentals of welding which merit 
special consideration. These are: 


a. Determining the qualifications of 
the welder. 


. The material and its inspection. 


.. Design and layout of the material 
for welded joints. 


. Preparation of the material for 
welding. 

., Welding technique (including or- 
ganization of personnel and se- 
quence of operations). 


Method of test of completed job 
and strength and tightness of 
welded joints. 


It has been suggested by the Com- 
mittee to Section Chairmen that at 
least two meetings during the com- 
ing season be devoted to developing 
information on these subjects. It will 
be noted that any one subject can be 
treated from many interesting angles, 
and that a meeting given over to one 
of these headings would be likely to 
oring out valuable experience and 
nlightening views from users of all 
welding processes, as well as repre- 
entatives of manufacturers of weld- 
\g equipment and supplies. 

For example, sub-heading “C”— 
Design and layout of material for 
welded joints” could be covered from 


many angles with relation to the par- 
ticular material used for welding, 
whether sheet metal, heavy plate, cast 
sections, steel pipe and so on; other 
aspects have relation to the welding 
application, such as building of small 
tanks, building of pipe manifolds and 
fabricated piping, or repairing heavy 
castings. Such papers and the discus- 
sion prompted by them would, with- 
out doubt, bring out constructive 
information without involving the 
least controversy between processes. 

On the other hand, a common and 
typical job could be discussed from 
all of these several angles. Such a 
meeting would be likely to develop, 
with relation to the welding of pipe 
joints, for instance, the necessary 
qualifications for the welders and so 
on down the list. 

It is felt that the development of 
this program in meetings of the vari- 
ous sections of the American Welding 
Society will produce papers and dis- 
cussions of a constructive nature that 
will add vastly to the store of practi- 
cal information on the technique and 
the applications of welding by all of 
the various processes used. A digest 
of the facts brought out, made avail- 
able by the American Welding Society 
to the welding industry, to users of 
the various processes, to engineers, 
architects and designers of welded 
equipment and to others interested 
should be of distinct help to the weld- 
ing industry. 





Fall Meeting 


Plans are well under way for the 
next fall meeting of the American 
Welding Society which will be held in 
Boston on October 21, 22 and 23. Some 
very unusual features will be intro- 
duced in connection with this meet- 
ing. 

Five technical sessicns are planned 
each lasting two hours and dealing 
with some specific subject of interest 
to the welding industry. It is planned 
to have the papers printed in advance 
and distributed to all members of the 
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Society. The greater part of these 
sessions is to be devoted to discus- 
sions by those present. The papers 
will not be read but briefly reviewed 
by the authors. One of the special 
features is te be demonstrations of 
welding and cutting apparatus, weld- 
ing and cutting operations and welded 
products. The Massachusetts Insti- 
tute of Technology has arranged to 
give adequate space for this exposi- 
tion on welding. Over 10,000 invita- 
tions will be sent out. In fact it is 
planned to have everyone interested 
in welding present at the fall meeting 
in Boston. 

The American Bureau of Welding 
will hold a meeting on Thursday af- 
ternoon, October 22nd, at which time 
it will discuss and make public its 
plans for research investigations dur- 
ing the coming year. 





Membership Directory 


The Second Membership Directory 
of the American Welding Society will 
be published as the August issue of 
the Journal. Members desiring extra 
copies for friends, who may be pros- 


THE A. W. 8. [July 


pective members, may obtain same by 
advising the Secretary at once of their 
names and addresses. 


Director of the Bureau Honored 


Professor C. A. Adams, Lawrence 
Professor of Engineering, Harvard 
University, First President of the 
American Welding Society and Di- 
rector of the American Bureau of 
Welding, received additional honors at 
the recent commencement of the Case 
School of Applied Science June 28, 
1925. He was conferred the honorary 
degree of Doctor of Engineering. 





Vice-Chairman Middle Western 
Division 

Mr. Stuart Plumley was elected by 
letter ballot Vice-Chairman of the 
Middle Western Division to take the 
place of Mr. H. S. Mann who resigned, 
the latter having no further interest 
in the welding field. Mr. Plumley is 
Editor of the Acetylene Journal and 
has been identified with the welding 
industry for many years. 





SECTION ACTIVITIES 


Philadelphia 


The May meeting of the Philadel- 
phia Section was held on the 18th. 
J. W. Meadowcroft, vice-chairman of 
the Section and welding foreman of 
the E. J. Budd Manufacturing Com- 
pany, presented a moving picture and 
talk on “The .Manufacture of All- 
Steel Full-Vision Bodies for Citroen, 
of France.” 

A tentative program has been pre- 
pared by the Philadelphia Section for 
next year, which is reproduced below: 
Sept. 21, 1925, Mr. Bissell, Westing- 
house Elec. & Mfg. Co., on “Fabrica- 
tion of Structural Steel,” Oct. 19, 
1925, Mr. Douden, Sunn Oil Co., Mar- 
eus Hook, on “Dependability of 
Welds.” Nov. 16, 1925, J. C. Lincoln, 
Lincoln Electric Co., subject to be an- 
nounced later. Dec. 21, 1925, Phila- 
delphia Section night, “Welding Par 
Excellence.” Jan. 18, 1926, E. E. 
Thum, Union Carbide Co., New York, 
subject to be announced later. Feb. 
15, 1926, W. A. Gibb, Gibb Instrument 
Co., “Seam or Roller Welding.” March 
15, 1926, Mr. Belanger, General Elec- 
tric Co., subject to be announced later. 
April 19, 1926, Prof. A. S. Kinsey, 
Stevens Institute of Technology, 


“Training of Operators and Inspec 
tion of Welds.” 


San Francisco 


A regular monthly meeting of the 
San Francisco Section was held on 
June 19. The subject of the evening 
was “Welding Wire,” which was pre- 
sented by F. M. Crapo, research en- 
gineer of the Purox Company. 


Cleveland 


The first annual picnic of the Cleve 
land Section was held on June 20 
Over one hundred persons were pres 
ent. The party left the public squar: 
in Cleveland in automobiles and upo! 
arriving at the picnic grounds a! 
guests were registered on duplicat: 
ecards which were numbered, with th: 
guests retaining one end. Late! 
drawings were made and prizes wer: 
awarded to the lucky ones. Liquid 
refreshments were also served. A 
baseball game by the acetylene and 
electric welders proved the superior- 
ity of the gas welders in baseball a‘ 
least. Other games humorous an 
athletic followed. These games wer: 
followed by a luncheon. Numerou 
prizes were distributed to winners 0! 
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the contests which were donated by 
the Cleveland School of Technology, 
Welding Engineer Publishing Com- 
pany, Lineoln Electric Company, the 
Purox Company, the Ohio Chemical 
Company, Buckeye Welding and Sup- 
ply Company, Aluminum Fix Com- 
pany, Burdett Oxygen Company and 
the Betz-Pierce Company. The prizes 
consisted of lighters, welder’s goggles, 
electric welding helmets, hand shields, 
a cutting or welding torch and five 
copies of welding encyclopedias. 
Detroit 


The June meeting of the Detroit 
Section was held on the 5th. J. C. 
Lincoln gave a very interesting talk 
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covering the points brought up at the 
annual meeting in New York and also 
explaining, with the aid of blackboard 
sketches and specimens, the “Present 
Status and Possibilities of Welding 
Steel Structures.” A _ constructive 
discussion followed by Frank Burton, 
Commissioner of Department of 
Buildings and Safety Engineer for 
the city of Detroit, and J. C. McCabe, 
who formerly held the same position. 


Chicago 


Jonathan Wolfe of the Chicago 
Surface Lines presented a paper on 
“Training of Operators and Testing 
Their Skill in Track Welding.” 





EMPLOYMENT SERVICE BULLETIN 


Positions Vacant 


V-24. Desires services of a young man who is familiar with welding shops in 
metropolitan district to sell welding rods and accessories on a commission 
basis with very good prospects for future development. 


V-26. Wanted, a good man to sell welding and cutting apparatus. 


V-27. Go-Getter wanted. Need a man to go out and get business for my 


vee repair works in Brooklyn, N. Y. We do electric and oxy-acetylene 
welding. 


V-28. Electric Welders wanted for tank work. Competent welders needed 
for piece work. $2.90 paid for welding each 500 gallon tank. If you are 
interested, send in a brief statement of your qualifications. 


V-29. Welder wanted. Need man that can operate arc welders and acetylene 
torches, to sell welding machinery and a full line of shop accessories in the 


Phileas territory. A good opportunity for a man that is looking for a 
uture, 


V-30. Salesman. 


: Need man to demonstrate portable arc-welding machine in 
New York City. 


Services Available 


A-34. Master Welder. Expert welder desires position as assistant master 
welder for a railroad. Had executive experience before welding. Can make 
large savings in production as the result of ten years experience in welding. 


A-35. Expert welder desires position. Have had 17 years experience as 
acetylene welder, 11 years as welder on locomotives in New York Central 
repair shops, 4 years as foreman of the repair of all kinds of welding and 
cutting in the steel car shops, one year as head repair man on all makes of 
welding and cutting torches and gages and one year as general welder on all 
inds of work. Have also been doing electric welding as well as acetylene for 
the past year. 


_A-36. Welding Engineer available. Can plan, estimate and supervise 
ll classes, repair and production welding by either the oxy-acetylene or 
‘leetrie are processes. Best of references. 

A-37, 


Chemo-Electric Engineer. Metallurgical examinations of electric 


re welding a specialty. 





Supervision of Rail Joint Welders* 


R. B. FEHR} 
INTRODUCTION 


It would not be appropriate on this occasion to discuss the theory 
and practical fundamentals of welding, the growing importance 
of rail joint welding, the difficulties involved and the methods that 
have been suggested for overcoming these difficulties. It may even 
seem somewhat unnecessary to point out that a good job of weld- 
ing requires three essentials: ; 


A. Proper Supervision. 
B. Good Equipment. 
C. Competent Operators. 


Yet, in view of the fact that so many engineers and others who 
are interested more or less directly in welding hold the opinion that 
the success of the weld is primarily dependent upon the operator 
and not upon the equipment or supervision, it seems to me highly 
important at this time to advance the principle that the success 
of a weld is dependent primarily upon the supervision and only 
secondarily upon the operator and equipment. It is a curious fact 
that, with the exception of the very important article on the “Ele- 
ments of Good Welding” by E. P. Jessop in the February, 1925, 
issue of the Journal, the supervision involved in welding has been 
either only lightly touched upon or entirely omitted from discus- 
sions, it having been either taken for granted or perhaps forgotten 
entirely. After all, it seems entirely logical that the chief respon- 
sibility for the success or failure of welds should be placed on the 
supervisor, for should he not be responsible for the purchase of 
proper equipment and does he, or should he not have, entire respon- 
sibility in the employment of competent operators who should be 
constantly checked under his supervision? There is just as much 
logic in placing the entire responsibility for welding on the super- 
visor as there is for placing the entire responsibility for the suc- 
cess or failure of an industrial plant or other enterprise on the 
general manager. Obviously, if the so-called welding supervisor 
does not have full control of the purchase of equipment and of the 
employment and training of his operators, the responsibility is di- 
vided among several individuals, but ultimately rests on the execu- 
tive who permits such an unfortunate system to exist. 

Some welding supervisors are going to assert promptly that they 
cannot watch every move of their welders and that they should not 
be held responsible for what the welder does when they are not 
present. Neither can any other person in responsible authority be 
certain of what his employees are going to do when he is not 
around to watch them. But there are certain definite things that 


* Presented at the Annual Meeting of the A. W. S., April, 1925. 
+Development Engineer, Rail Welding & Bonding Co. 
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a welding supervisor can do which will ease the burden on his 
shoulders. The foregoing remarks are not to be construed as 
meaning that every effort should not be made to have conscientious 
and competent welders, but in view of the very noticeable lack of 
competent supervision that prevails in many welding departments, 
it appears that the time is now ripe for placing the responsibility 
where it rightfully belongs, namely, on the welding supervisor. 

It is only by an intelligent appreciation of what can be accom- 
plished by carbon are welding, particularly in the light of recent 
developments that we can hope to arrive at methods of any value 
for the training of operators and the testing of their skill. 


Decarbonizing Action of the Carbon Arc Process 


In its present state of development we have found that the car- 
bon are process when used with a 3%- to 54-in. arc length at around 
200 amperes, will produce some remarkable results. For ex- 
ample, the carbon are (carbon electrode being always negative) 
actually decarbonizes the molten seam metal. Table I proves this 
point conclusively, 

It will be noted that in spite of the high carbon content of the 
rail and fish plate, the carbon content of the seam metal was below 
0.08 per cent in all cases. If the carbon electrode had been the 
positive pole, it would have been difficult, if not practically impos- 
sible, to do any welding, as the larger portion of the heat of the 
carbon arc is concentrated at the crater, which always occurs at 
the positive pole. This is one reason for always making the steel 
the positive, and the carbon the negative, pole. Another good rea- 
son is that with the polarity reversed, there is a very marked trans- 
fer of carbon from the positive carbon pencil. Table I, however, 
shows that with the proper use of the carbon arc, seam welds of 
very low carbon content and, therefore, with relatively high duc- 
tility, can be obtained. 

The decarbonizing action of the carbon arc (negative polarity) 
is probably due to the fact that atmospheric oxygen is drawn into 
the small bath of molten steel at the crater, whereupon a result 
oceurs that is somewhat similar to the action of the Bessemer con- 
verter process for making steel. This action is of further great 
advantage because the filler rod can be coated with desirable de- 
oxidizing and scavenging agents which will thus be automatically 
introduced into the molten bath of steel as the seam welding pro- 
gresses. 

TABLE 1 
DECARBONIZING ACTION OF CARBON ARC PROCESS 


Filler Rod, Rail, Fish-Plate, Seam Metal, Number of 
Per Cent Per Cent Per Cent Per Cent Deter- 
Carbon Carbon Carbon Carbon minations 

03 .66 49 04 4 
.66 .49 .03 
.66 49 .025 
.66 49 075 
66 48 .045 
.66 49 .025 
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Preparation of the Job 


In rail joint welding the best results can only be obtained when 
proper provisions are made in the matter of preparation. This 
principle, of course, applies to any process. Joint plates for seam 
welding should be so designed as to give a comparatively easy 
welding condition for the head seams, such as a combined ledge 
and groove, making it possible for the welder to deposit a good 
weld in the most effective position. It is certainly too much to 
expect a welder to do a satisfactory job of welding without a good 
preparation. Yet the writer has, time after time, found examples 
of joint preparation which absolutely precluded all possibility of 
obtaining any reliable weld at all in the head seams. For example, 
the outside surface and the fish plate would not even be flush with 
the rail head, that is, the rail head would extend beyond the fish 
plate and make it practically necessary for the operator to do an 
overhead job of welding. Other features that characterize good 
plates are the large fishing areas, ample cross-section, provision 
for staggering the seam welds, holes drilled for drift pins to give 
compression of the rail ends and the use of medium carbon steel 
for giving maximum fatigue life to the plates. 

In connection with the subject of joint preparation, there is 
another feature of the carbon arc process which appears to have 
received but very little attention. It is the possibility of using 
the carbon arc for preheating to prevent excessively sudden chill- 
ing of the rail metal and for post-heating to relieve stresses in the 
weld metal and adjacent portions of the base metals. A further 
use that has been made of the carbon arc in connection with pre- 
heating, which is particularly applicable to joint welding, is the 
heating of the middle portions of the fish plates by a long arc so as 
to obtain a slight extension in their length prior to the welding of 
the seams. After the seam welds and fish plates have cooled off, 
the contraction of the fish plates is found to give a very substantial 
compression of the ends of the rail heads. Now it happens that 
one of the most important principles to be followed in seam 
welded joints is that of obtaining mutual compression of the ends 
of the rail heads, and then to maintain this condition of compres- 
sion by properly welded seams. Compression of the rail ends is 
necessary to prevent “cupping” of the joint. When joints are 
welded by the carbon arc process, even though no special preheat- 
ing of the fish plates is done by the carbon arc, there is a very 
pronounced increase of compression between the rail heads. 


Training of Operators for Rail Joint Welding 


It is not the intention to go exhaustively into the matter of the 
training of welding operators, but rather to suggest two methods 
that should receive serious consideration by the welding supervisor. 
The first of these methods is one that, to the writer’s knowledge, 
has not yet been employed in the training of operators, but which, 
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nevertheless, has great possibilities for enabling a welder and his 
supervisor tc determine quite acccurately the relative merits of 
various methods of welding, the effects of different amounts and 
various positions of the weld metal, the effect of different cur- 
rents, etc. Above all, the method is extremely simple and involves 
but slight expense. The apparatus and set-up required are shown 
diagrammatically in Fig. 1. A small, low carbon plate is clamped 


Copper dushing for 
upporting arm. 


Weight of hammer "2 ae 
Effective Scam 3" 
%»3 «5% low 


carbon plate ; 


| > 
, wd 
Carbon Ne ™ 
Eiectrode 
fail securely 
. 3 




















r , clamped. 





Set up Method of testing 


Fig. 1. Modified Izod Test 


to the bottom of an old rail to which it is then welded in accord- 
ance with a certain procedure. These conditions thus correspond 
to those in rail joints, where a relatively low carbon fish plate is 
welded to a relatively high carbon rail. The plate is then knocked 
off by means of a sledge hammer, whereupon the fracture may be 
examined and an estimate formed of the quality of the seam weld. 
When the operator has acquired a reasonable degree of proficiency, 
a swinging hammer may be mounted as shown in Fig. 1. A suit- 
able adjustment of the arc through which the hammer is permitted 
to swing will enable the operator to determine, on the basis of the 
relative number of blows required to cause failure, the relative 
values of different methods of procedure, etc., and will soon permit 
him, under the direction of his welding supervisor, to arrive at that 
mode of procedure which enables him to do his best work. The 
energy of the blow delivered at each swing of the hammer should 
be adjusted preferably to such a value that there will not be any 
appreciable permanent deflection of the specimen during the first 
few blows. 

The writer has had occasion to investigate quite extensively, va- 
rious methods of testing welds and as a result of the experience 
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thus gained, he has the firm conviction that this modified Izod test, 
as described above, is probably the simplest and best all-around test 
that can be devised for use in the training of operators. The re- 
sults are entirely reliable, and are indicative of the relative merits 
of different welds, and have been confirmed many times by more 
elaborate tests in compression-shear, cross-bending and repeated 


i2* Sledge 





me | 
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Fig. 2. Method of welding off plates to test quality of welds 


impact. This simple, inexpensive and easily conducted method of 
testing welds is, therefore, strongly recommended to all welding 
supervisors who have an earnest desire to improve the quality of 
workmanship. 

Another method of testing welds is the one shown in Fig. 2 
where a short section of fish plate is welded to a short section of 
rail and is then broken off by means of a sledge hammer and wedge. 
This method has found quite extensive application in the com- 
paratively few instances where any serious attempt has been made 
to give proper training to the welding operators. It is, however, 
rather crude, and does not permit of any quantitative determina- 
tion of the quality of the welds. It can be used to advantage in 
supplementing the modified Izod test and is useful in determining 
the effectiveness of the size and location of the head seam and base 
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seam welds. In using this method of testing, it is urged that the 
head seam only, or the base seam only, be welded rather than that 
both seams be welded. The plate is, of course, much easier to 
wedge off if one seam is welded, and furthermore, if both seams are 
welded, erroneous conclusions are sometimes drawn as to the rela- 
tive strength of the head and base seams. in this connection it 
should be noted that when both seams are welded, the failure of 
the first seam is dependent primarily upon the position of the 
wedge rather than upon the relative strength of the welds. 


Inspection 


The subject of inspection will be broadly classified into two parts: 
(1) inspection of the job prior to welding, and (2) inspection of 
the finished job. 

Inspection of the Job Prior to Welding—Referring particularly 
to the carbon are welding of rail joints, it is suggested that the 
supervisor of welding insist upon having special attention paid by 
his inspector to the following important points: 


a. Complete elimination of the gap—The rail ends should be 
milled and slightly undercut (preferably from the bottom of 
the head down instead of from the top of the head down), 
with burrs and other irregularities filed off, so that the rail 
heads can be abutted and brought into contact throughout 
practically the entire head sections. In order to insure a 
good permanent contact of the rail head sections, the ends of 
the rail heads should be brought together under compression, 
preferably by the use of drift pins, which must remain in 
place until just before the joint is to be welded. The use of 
drift pins offers the great advantage of providing a simple 
means of maintaining the rail ends in good contact, without 
being disturbed by temperature changes and mechanical vi- 
bration before the joint is welded. 

If the rail ends are not prepared in such a way as to give a 
good head-to-head contact when the joint is assembled, a com- 
paratively soft, thin steel insert should be used. This insert 
is preferably about 1/16 in. thick, punched from cold rolled, 
medium carbon steel with approximately the outline of the 
rail heads. It is essential that this insert should be properly 
seated on the fish-plates and that it should protrude above 
the head of the rail about 1/16 in. so that it can be peened flat 
on the rail head and then filed or ground to the contour of 
the rail immediately after welding. If this comparatively 
soft steel insert is properly installed so that it is actually under 
compression, it will be found to have the effect of a gasket, 
compensating for the irregularities of the ends of the rail, 
provided the latter are reasonably square. The inserts should 
be used whenever and wherever it is found impracticable to 
bring the rail heads together with a large area of contact. 
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When an insert is used it will obviously not be necessary to 
have undercut rail ends. 


b. Good mechanical fit of plates—The finishing surfaces of the 
joint plates and rails must be clean and free from burrs. A 
wire brush should be used to remove all loose rust and scale. 
The plates must be fitted so tightly into the fishing surfaces 
of the rail by means of the sledge hammer and wrench that a 
feeler gage will show good contact between plate and rai! 
throughout the entire length of plate. 


c. Head seam preparation—A ledge and groove should be pro- 
vided for the head seams in accordance with the recommended 
practice for obtaining the best welds. The preparation for 
-the base welds is one in which the angle between rail and 
plate is somewhat greater than 90 deg. Preferably the face 
of the fish plate should be vertical where it meets the rail 
base, thus providing an angle of about 100 deg. for the seam 
weld. 


d. Location of welds—It is very important that the locations of 
the seam welds be definitely marked, either by indentations 
on the plate or by means of templets, as it has been definitely 
established by many tests that staggered seams and inter- 
rupted base seams contribute greatly to the improved strength 
and fatigue life of the welded joint. 


Other details regarding points to be looked out for by the in- 
spector prior to welding will be found in the instructions issued 
by the manufacturer of the welding equipment. 

Inspection of the Finished Job—Contrary to the opinions widely 
held by many of those connected with various branches of welding, 
there are fairly definite means by which the inspector can deter- 
mine quite accurately the quality of the finished job. 


a. External appearance of the seam weld—Of course it is as- 
sumed that no supervisor will permit a welding operator to do 
any welding on the track unless he has satisfied the super- 
visor that he is entirely competent. The external appearance 
of the seam weld, while not conclusive, is a mighty good in- 
dication of the quality of the weld which has been made. This 
is particularly true of the carbon arc welds made under proper 
conditions in accordance with the practice established by re- 
cent investigations. There is no reason why a carbon arc 
weld should not be equal to or better in appearance than that 
of the best metal arc weld. If the seam weld, after the usual 
iron oxide has been removed by the wire brush, does not have 
the lustrous appearance that is characteristic of sound metal, 
it is a pretty safe conclusion that an excessively high current 
was used and a wrong method followed. Oftentimes, how- 
ever, there is apparently an appearance of burnt metal on 
what are really very good seam welds. This burnt appear- 
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ance is due to the formation of a heavy oxide scale which has 
been difficult to remove by the wire brush. By the use of a 
small cold chisel this scale can be easily removed and a part 
of the seam metal chipped out. If this chip of seam metal 
can be hammered out flat without breakage, the inspector can 
be sure that the weld metal has the ductility which is charac- 
acteristic of low carbon steel and of carbon arc weld metal. 
This test is an extremely simple one to make and should be 
used whenever there is any doubt in the mind of the inspector 
as to the quality of the seam metal. 

b. Penetration—The subject of “penetration” is one that has re- 
ceived a great deal of attention in welding. It is of much 
greater importance in metal arc welding than in carbon arc 
welding, for the reason that the welder must be much more 
on his guard to get the proper penetration in metal arc weld- 
ing than in carbon are welding. In the latter process the 
welder can observe at all times, on account of the crater 
formed by the carbon arc, the amount of penetration he is 
going to obtain, whereas in metal are welding the very nature 
of the process is such that thé welder must depend largely 
upon his skill and experience in assuring himself of the pene- 
tration that he is obtaining. Furthermore, in carbon are 
welding, the object should be to obtain as little penetration as 
possible—merely enough to insure fusion between the weld 
metal and plate and rail. The inspector can easily satisfy 
himself as to whether the welder is obtaining penetration by 
several simple methods. The first one is to interrupt the 
welder suddenly at any time and then to examine the depth 
of crater. In fact, the welders should be trained and in- 
structed to do this occasionally to check their own observa- 
tions of the depth of crater when they are actually welding. 
After the welding is completed the inspector can check up the 
welder as often as he thinks it advisable by the simple pro- 
cedure of gouging out a small piece of seam metal flush with 
the rail or plate. The appearance of the cut, etched, if de- 
sired, by means of a drop of dilute nitric acid, will quickly 
enable the inspector to check up a welder regarding fusion 
between weld and parent metal. 

c. Electrical resistance measurements will give a fairly accur- 
ate indication of the effectiveness of the seam welds. Suffi- 
cient data have not yet been accumulated on this subject to 
lay down any definite rules, but this statement can be definite- 
ly made at this time: A seam welded joint that does not show 
15 to 20 per cent less resistance over 3 ft. than the same 
length of rail, is not properly or sufficiently welded. 

d. Identification mark of welder—The welding supervisor is go- 
ing to improve matters tremendously by insisting that each 
welder stamp his initials or identification number on each rail 
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joint immediately upon completion of the welding. If a 
welder does not have enough pride in his work to hope that 
he can go back at any time and see his work standing up, 
he, of course, is not the right kind of a man for the job. If 
he does possess the pride that is characteristic of most hu- 
man beings, his identification mark on each job is going to 
offer a real incentive for him to do consistently good work 
under a supervisor who is able to provide good equipment 
and the right preparation for the operator. 





Inspection of Work and Checking Skill of 
Operators in Rail Joint Welding* 


A. P. Wayt 


The electric railways of this country for the last eight or ten 
years have not held a very enviable position in a financial way. 
This has principally been the result of war and post-war condi- 
tions during which time they were the victims of the high-priced 
material and labor markets and could not make compensating cor- 
rections in revenue returns as other industries could. Further, 
the rubber tired vehicle competition, both private and public, has 
seriously cut into revenues. During this time the commercial in- 
dustries realized the advantages of welding and modified their 
practices with liberal expenditures of money and skill to obtain 
the best results, but the railways generally were forced to rail 
welding in maintenance, utilizing what labor they had in that new 
material and skilled welders were beyond their reach. 

Without describing in detail the different types of welded rail 
joints now in use it is interesting to note in passing that the fol- 
lowing welded joints are principally being used in addition to 
the practice of building up worn rails, cupped joints and worn 
special work: 

(1) Cast iron weld which consists in casting a mass of iron 

about the ends of abutting rails. 

(2) Bar weld, which consists of spot welding a bar to the web 
on each side of the rail. 

(3) Butt weld, which consists of fusing together the ends of 
rails under pressure after being made plastic by the passage 
of a large current flow through a conducting medium be- 
tween the contact surfaces. 

(4) Seam weld, carbon electrode, which consists of seam weld- 
ing, standard or special angle or fish plates to the base and 
head of the rail with or without a base plate welded for 
support under the rail joint. 





*Delivered before Annual Meeting, A. W. S., April, 1925. 
+American Electric Power Co. 
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(5) Seam weld, metallic electrode, which is similar to the 
above, except that the seam is applied by metallic electrode. 

(6) Apex type, which consists of a special shape of bars of cer- 
tain chemical analysis welded by metallic electrode to the 
web and base of the rail and supporting the head a few 
inches without welding near the joint. 


(7) Thermit weld, which consists of fusing together the ends 
of rails by molten steel poured into a mold and derived 
from the Thermit process. 


There are also modifications of the seam weld joints in which 
bars or plates are welded to head alone to reinforce the standard 
bolted plates, standard plates are welded in bottom seam alone and 
plates and bars of various shapes are used. 


As for methods of inspecting welding work there is much to be 
desired in railway practice judging from information at hand, par- 
ticularly where seam welding is used—no doubt as a result of the 
economic conditions mentioned above. A foreman or engineer 
generally examines at least a portion of the welds during welding, 
but more generally after completion. However, as a general pro- 
cedure the work is left to a good operator who has proven from 
past experience to be able to do good work. Most properties for 
the last few years keep more or less complete records giving type 
of welding equipment and electrodes used, sometimes a sketch 
with location, date and name of welder. However, considerable 
attention has been given to the matter of resistance versus low 
voltage machines, positive versus negative electrode in metallic 
electrode welding and carbon vs. metallic arc welding and possibly 
overlooking the fact that numerous other variables, including the 
irregularities of the best of operators are more important. 

In cast iron welded joints cleaning with, brush or sand blasting 
is necessary to assure good adhesion of cast material and low elec- 
trical resistance. These joints are little used now and the practice 
has been quite different on various properties in reference to pre- 
heating and the time allowed for cooling, but it is agreed that for 
assured success a well-trained and careful crew is most essential. 
The utmost care must be used to see that rails are properly lined 
up and accurately ground off after welding to prevent cupping or 
pounding. Softening of rail head in later practice is apparently 
but little experienced. The body of the weld should support the 
rail head to prevent splitting of rail web. 

The resistance bar weld is installed under contract by Lorain 
Steel Co., and details of operation are generally not controlled by 
the railway company. It is essentially a spot welding proposition 
utilizing 25,000 to 30,000 amperes supplied from rotary and aux- 
iliary equipment mounted on four trolley cars. This type of weld 
is generally satisfactory, but breaks occur generally outside the 
weld caused no doubt by concentrated stresses imposed upon the 
web of certain rail sections of high carbon content and for this 
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reason a head support is recommended. In that this work is done 
by contractor there is little inspection by railway company other 
than assuring that sand blasting, preparation of rail ends and 
alignment of rail are carefully done, followed by proper grinding 
after welding. 

The resistance butt weld is another weld installed under con- 
tract by the owner of equipment and the Thompson patents. Brief- 
ly the process consists of inclosing the ends of the rails, separated 
about %% in., in a mold into which a hot borax flux is poured. A 
large current flow of about 60 kw. at low voltage is passed through 
and when ends reach a plastic condition they are pressed together 
under pressure, finally reaching about 5000 lb. There is little for 
inspection by the railway company other than assuring correct 
alignment, proper compression and proper grinding after welding. 

The seam welded joints are used to a larger extent, particularly 
by smaller properties for both new and rehabilitation work. There 
are a number of forms of this using metallic electrode or carbon 
electrode, from resistancce welders, motor generators or dynamo- 
tors. In some cases the work is used as positive electrode while 
in other cases work is negative, which is of necessity the case 
when resistancce welders are used on 600 V. trolley. This work 
can readily be done by welders of the railway company of regu- 
lar training for general welding who can adapt themselves to 
track conditions. There is considerable difference in opinion as 
to the advantages and reliability of results with the use of metallic 
or carbon electrode work, the quantity of current for different 
sized electrode and length of arc. Generally railway companies do 
not employ regular inspectors to check up results of operators, 
but so far reliance is placed upon results of well-trained operators. 
Operators are cautioned to use a short arc to assure a purer de- 
posit of metal and not to use too large current density. Opinion 
is growing to favor of metallic electrode and the use of work as 
positive electrode, although some welding wire of high manganese 
content should be applied with work negative. 

The welding supervisor or welding foreman in inspecting work 
in progress or finished product, looks for good penetration, uni- 
form thickness of deposited metal, for continuous run. of bead 
without breaking the arc, and the absence of establishing an 
are near the gage line of the rail. In welding plates, etc., to rails 
it is found best not to continue the seam to the end of the plate 
and where plates are welded to web of the rail, seams should be 
staggered on opposite sides of the rail to prevent concentration of 
strains. Care is to be taken that rust and dirt are removed 
mechanically before welding, although some time ago some main- 
tained that rust could be burned off, using high current density. 
However, the error of this practice was soon observed. 

It is realized that in seam welding of plates the plates should 
bear the greatest part of the vertical stresses and weld should pri- 
marily hold them permanently set into the fishing angles at head 
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and base. The top seams appears to be the weakest, probably on 
account of difficulty of making a uniform weld on a vertical sur- 
face with good penetration into the head of the rail. For this 
reason careful inspection should be given at this point. There is 
pretty good reason to believe that the metallic electrode with posi- 
tive polarity of work gives best promise for such welding. A shelf 
instead of a bevel at the top seam is frequently used, but at any 
rate it is difficult to get a good weld into an angle of less than 60 
deg. Railway companies are giving more attention to the grade 
of electrode wire than heretofore, and although various grades of 
mild steel are generally used for seam welded plates, large quan- 
tities of miscellaneous and unsuitable grades are used. 

The apex weld is a modification of a seam weld in which a spe- 
cial plate is welded by metal electrode to the base and web of the 
rail. Care and inspection are similar to standard plates welded 
to head and base, except that plates should be staggered and too 
high current values should not be used. It is essential that a full 
rounded bead be deposited and a good penetration assured. 

In the Thermit weld there have been big improvements in de- 
tails of application and apparatus during the last few years that 
results are quite uniformly accomplished and are not now so de- 
pendent upon the skill of the operator. The patterns for molds 
are designed by the manufacturer for the rail section in use and 
are supplied in such a form that good molds are easily made and 
the method of clamping is such that it quite eliminates former diffi- 
culty of leakage between molds and rails. It is essential, however, 
that the work be in charge of a competent foreman who will watch 
details carefully. The proper pre-heating is very important and 
should be determined for each kind of rail to see that overheating 
is not obtained. The proper time for tapping the crucible is im- 
portant as bad judgment in this respect is disastrous. The clean- 
ing of rails and ends of dirt and heavy rust and the careful placing 
of the insert are important. The alignment of the rails and grind- 
ing are of utmost importance. On account of the large difference 
in specific gravity of the ingredients it has frequently been found 
that they mechanically separate in the package during shipment 
and handling and for this reason some people are remixing before 
use, 

As for methods of training and checking the skill of operators 
it will probably be found that the railways have not been as pro- 
gressive as commercial concerns. Generally a welder is employed 
who has been trained elsewhere or at a welding school and he ad- 
justs his experience to rail welding requirements. It often happens 
that a man who has been successful on bench or shop work is a 
failure in practical track welding or vice versa. The prevailing 
practice on railways is to place prospective welders as helpers to 
experienced men and when they show proficiency to consider them 
full fledged welders. It is one of the most important functions of 
the welding supervisors or foremen to determine the ability of 
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his welders for different classes of work in that it is realized that 
welding is an acquired art and some men never can be made good 
welders. Some railway companies are formulating rules and spe- 
cifications for different classes of welding and checking operators’ 
skill, but little progress has been made in this direction to date. 
Frequently samples of welding of different operators are tested 
by various means available to railway companies or even sent to 
reliable laboratories for comparative results or to check the results 
with new types of electrodes or new types of work, but there is 
much room for improvements along these lines. 

However, much hope and patience is being exercised by railway 
companies to learn the results of findings of the Committee on 
Welded Rail Joints as naturally they do not wish to make much 
expenditure in practices that will not line up with some future ac- 
cepted practices. Much encouragement should be given to the 
matter of definite records in order that a service check can be had 
upon different methods, machines, electrodes and operators. 





Selection of Qualified Welders * 


HERMAN ULLMER+ 


One of the essentials for obtaining satisfactorily welded joints is 
to have the work done by a proficient welder. That is easy to say, 
but it has taken a score of years for the industry to come to that 
point where the majority are satisfied that a correct method of 
proving the proficiency of a welder has been found. 

During the past four years there have been several opportunities 
to test the methods proposed for proving a real welder’s ability. 
These have been notably in connection with the welding of a 125 ft. 
rotary lime kiln built of 54 in. material at Alliance, Ohio; the con- 
struction of a 50,000 cu. ft. gas holder at Columbus, Ohio, and the 
welding of 235 miles of 14, 16 and 18 in. pipe in East Texas. 

In the welding of the rotary lime kiln it was important that the 
circumferential seams be as strong as they could be made since the 
whole weight of the kiln and its burden comes on two rings spaced 
75 ft. apart. Each end overhands, which puts heavy stresses on 
the kiln at the tire and the middle section has the stress of a beam 
suspended between two points. This makes it necessary in riveted 
kilns to make the circumferential joints by double butt strap with 
triple riveting on each side of the butt. 

In the oxy-acetylene design it was considered advisable to use a 
double V joint on all seams and in order to be doubly sure of 
strength, a nickel steel filler rod was specified. 

In obtaining welders to do this work, advertisements were placed 
in local papers in Alliance, Canton and Cleveland, and the candi- 





*Presented at the Philadelphia Section, A. W. S., April, 1925. 
*Service Engineer, Linde Air Products Co, 
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dates for the job were given examinations at local welding shops in 
those cities. 

Each welder was called upon to make test coupons, using 5% in. 
plate material double-veed, nickel steel filler rod, and the same 
blowpipe as that which has to be operated in the fabricating plant. 

The welded specimens were then tested, some of them being 
pulled in tensile testing machines and others placed in a heavy vise 
and bent by sledging until they bent double or broke. Im all cases 
of failure at the weld the fracture was studied to determine the 
cause of the defects. 

It was found that several welders, who had had many years of 

















Fig. 1. Test weld set up in vise for bending 


experience on various metals, could not qualify by making satis- 
factory welds under these test conditions on steel. Where this in- 
ability to qualify was believed to be on account of the fact that the 
workman had never before used nickel steel rod, the man was given 
some information about the difference in handling the various rods 
and instructed about handling the rod in question. As a result of 
this teaching a couple of men were later qualified and afterward 
proved to be satisfactory welders. 

Where, however, it was apparent that a welder did not properly 
adjust his blowpipe and where he failed through carelessness to 
get complete penetration, no further time was spent. 

When the welding crew was organized, the men all showed a keen 
interest in the work which was on the biggest piece of equipment 
that had ever been gas welded, and they continued to show personal 
pride of workmanship throughout the whole job. 

During the course of the welding of the rotary kiln and of three 
fifty-foot coolers, tests were made every week by having each 
welder make a test weld, which was then cut into strips and broken 
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in a vise. Some of the strips were sent to the Research Laboratory 
where they were pulled in a tensile testing machine. This inspec- 
tion kept the welders “on their toes” at all times. 

This kiln and the coolers have been in use now over a year and a 
half and no suggestion of trouble has been experienced with the 
joints ; therefore, the test of time is proving that the check test of 
the ability of the welders made possible the selecting of weiders who 
could do the high quality of work demanded. 

Shortly after this contract was undertaken at Alliance, an all- 
welded coal drier was built at York, Pa. Only a couple of welders 
were needed, but these men were selected from a number of appli- 

















Fig. 2. Results of bending test. Upper piece broke in weld; this was caused by poor 

welding practices. Piece in lower left was bent through weld 180 degrees without 

showing signs of weakness. The piece in the lower right was tested to destruction ii 

an Olsen testing machine. It will be noticed that the break is well outside of th« 
weld which is indicated by two vertical chalk marks 


cants after the same examination method described above and their 
resultant work also proved to be eminently satisfactory. 

A further indication of the soundness of the ability testing 
method lies in the fact that the management of both the plants 
cited have since organized crews for welding work, selecting all 
applicants for positions by these methods, and as a result are now 
producing most satisfactory welded equipment. 
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The work which has just been described was all done in the shop, 
but at Columbus, Ohio, a 50,000 cu. ft. oxygen gas holder was built 
in the open where working conditions were much more severe and 
the character of the welding more difficult. This gas holder was in 
the nature of experimental development, there never having been 
any welded structure of anything like this size built by oxy- 
acetylene welding. 

It was planned that welders would be obtained locally in Colum- 
bus, and in nearby centers, and that only one or two Service Oper- 
ators would be used to steer the work. This tank was to be made 
almost entirely of 14 in. steel plate, which is a common thickness 





Fig. 3. Welded specimens bent and hammered fiat. On each of these the welded 
section is directly at the top of the bend. Notice that there is no sign of failure 


of material used in industrial welding work. However, out of 
twenty-six welders who were examined by welding coupons of this 
material, only two were found acceptable! Oddly, neither of the 
two had been considered to be more than just ordinary good 
welders. The result was that from six to eight Service Operators 
had to be brought in to work on the gas holder. Incidentally each 
one of them had to demonstrate his qualification for that particular 
kind of work by the ability test method. A couple of good pipe 
welders were borrowed from a local gas company after they had 
been tested and were found thoroughly qualified and a couple of 
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other test certified men were later sent in from the Cleveland Dis- 
trict. 

From the above you can see that while it is not an easy matter to 
organize a crew of thoroughly competent welders, such men can be 
obtained. Although the work at Columbus lasted for upwards of 
three months, the workmanship of the welders was exceilent, ex- 
cept on the part of the first two men from the Columbus District, 
who had not been considered excellent. After a week or two it was 
found best to use these two for specials which did not require the 
highest quality work, such as was needed for the welding of the 
side sheets of the water tank. 

Welding the side sheets of both the tank and the gas bell was a 
most difficult welding operation. At first some difficulty was ex- 
perienced in getting complete penetration. (The sheets were not 
beveled). It was soon found, however, that when each man was 

ade to repair defects which showed up in his completed work the 
quality of the welding still further improved. 

When the work on both the water tank and gas bell was com- 
pleted, most severe tests were given to the welded seams and very 
little defective workmanship showed up. This gas holder has now 
been in operation for well over a year and only one small defect 
has been found in a welded joint. Therefore, it demonstrates that 
the checking up of welders was advantageous in this case. 

While the gas holder was being built in Columbus, a gas holder 
of similar size was being built at Salt Lake City, under contract 
with a large tank shop. The superintendent of the tank shop 
visited the Columbus work and was taught how to check the quality 
of workmanship of welders and then used that principle in selecting 
men for the Salt Lake City work. It has also been entirely satis- 
factory during the past year’s operation. 

In the Spring of 1924 it was decided to weld by oxy-acetylene a 
very large natural gas pipe line in Eastern Texas, provided a suffi- 
cient number of certified welders could be secured. It was planned 
that the ability test principle would be used to determine the pro- 
ficiency of welders. It was also decided that it would be highly. ad- 
vantageous to devote some time to teaching men initially unable to 
pass the examination, but who had had considerable experience with 
the torch, and still were not getting complete penetration in their 
welding or who were in need of some slight correction of their 
method of handling the blowpipe. Re-examination was then made 
to prove their fitness for field or line work. 

As more than 200 welders would be needed when the work was 
at its height there was a fear that even by correcting the faults of 
experienced men there would not be enough available pipe welders. 
Therefore quite a few unskilled men were given an opportunity to 
learn how to weld. Local men were preferred for this instruction, 
because they were used to the country and the climate, which was 
not the pleasantest for the uninitiated to work in. 

The checking of welders and the training of men was handled at 
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one point and worked out most satisfactorily except at the very be- 
ginning when the tests were made on the only material which 
happened to be available; namely, 8 in. line-pipe. The men were 
taught or examined while using Norway welding rod, and as the 
men who were handling the training school were experienced on oil 
line work (where it is important to avoid a metal drip to the joint) 
the training was done on pieces of pipe which were butted tight 
together. 

Therefore, when the first welders arrived in the construction 
camp and started to work on the gas line, they were called upon to 
weld pipe of much larger diameter, made of lighter weight material, 
using a special steel filler rod and with the adjacent pipe lengths 
spaced 3/16 in. to 14 in. to permit good penetration. 

These conditions being so different from that under which they 
were tested (although at that time it was not appreciated that the 
difference in conditions amounted to so much), there was quite a 
bit of trouble with the first five miles of finished line. About 10 per 
cent of the defects which developed on the entire 235 miles of the 
system were concentrated in this five miles! Once the welders be- 
came familiar with the size of the pipe, the spacing, and the steel 
filler rod, they gave an excellent account of themselves. 

The work on the gas line, which is here being described, re- 
quired six welding gangs. After the first gang was organized all 
subsequent gangs received a qualification test under as near the 
actual working conditions which the men would experience as it 
was possible to simulate. 

This proper checking of the men certainly prevented trouble at 
the points where the various gangs began work, although it was 
noticeable that the green men had a little trouble to adapt them- 
selves to the conditions on the line, which were somewhat different 
than when welding in the school. This, however, was expected and 
foremen were patient with such men until the work was well ad- 
vanced. 

During the course of the big job, hundreds of men who claimed 
to be welders presented themselves for examination. It was in- 
teresting to see that the actual test of welding proficiency (by 
breaking strips cut from their test welds in a vise) checked up 
with the preformed opinions of good foremen, who were accus- 
tomed to gauging ability by observing welding work in progress. If 
a man did not correctly adjust his blowpipe to a neutral flame his 
metal was invariably in such poor condition that the test piece 
broke with one or two blows of a hammer. If the welder had his 
flame adjusted properly, but failed to get complete penetration, his 
welds were better than burned welds, but the test pieces broke with 
a few blows of the hammer and the break showed the expected 
character of defect. Those men who knew how to put in good 
metal, but were not getting proper penetration were given a little 
coaching and were again given an opportunity to qualify. 

One problem was met in connection with the gas line which has 
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seldom if ever arisen before; that is that a man might be able to 
make satisfactory welds if given time enough, but on any produc- 
tion job a welder must be expected to produce a reasonable amount 
of work. A slow welder would not be expected to give a large num- 
ber of welds per day, but if an excellent welder could weld ten 
joints a day it would not seem unreasonable that any man should 
give four welds to qualify. Men who have been working on mis- 
cellaneous jobbing and have not been accustomed to putting in 
full eight or ten hours a day, may find it very difficult to do good 
welding hour in and hour out; therefore, it is well to watch the 
speed so that on production work a man will demonstrate his 
ability to do a reasonable volume of work as well as give the high 
quality required. 

It may be that in the future, it will be well not only to set a 
standard of quality of welding, but to make sure that men are able 
to give the quality with reasonable speed. 

The method of selecting and periodically check testing welders 
for this character of work is under managerial observation from 
many different sources and there seems to be no dissent as to the 
desirability of generally and widely following the procedure recom- 
mended. Namely, that every candidate for repetitive welding work 
be made to demonstrate his ability to make a satisfactory weld of 
the same character as that which he would be called on to make in 
shop or field practice, using identical materials and the same 
preparation for and procedure of welding that is called for by the 
regular work. 


“ Bronze Welding for Locomotive Frames” ~* 


BY J. H. CHANCEY* 


Several inquiries having been made by those interested in the 
subject of bronze welding for locomotive frames, I am giving below 
my views and experience on the subject, particularly as we now 
have on the Georgia Railroad frames welded by the Tobin Bronze 
acetylene process that have been in continuous freight and passen- 
ger service from three to nine months. 

When the subject of welding frames with bronze method was 
first suggested, I am frank to admit that I was rather reluctant in 
attempting it. However, after being assured that the bronze could 
be welded to steel or iron so that the bronze would break before 
separation at the welded surface, this method of welding locomo- 
tive frames began on the Georgia Railroad, and, as stated above, 
we have nine engines in service with frames so welded, ranging 
from three to nine months’ service, with 100 per cent success. 

I also decided to test the process out in our own way, and the re- 


*Presented at the May, 1925, meeting of the New York Section of the A. W. 5S. 
+Blacksmith foreman, Georgia Railroad. 
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sults of these tests are given below for the benefit of those in- 
terested. 


TEST NO. 1 


Two pieces of Tennessee Bloom Iron, 414, x 414 in. x 12 in. long, 
were welded together by the acetylene process, using 4 in. Tobin 
Bronze filler. This test piece was then placed in wheel press in 
position to allow press ram to bear directly against center of weld. 
Test piece started bending at 75 tons pressure; bent 2 in. out of 
center at 100 tons pressure. Pressure released at 100 tons and 
reversed and reapplied. Started bending at appoximately 100 tons, 
bent 134 in. out of line and cracked one-half way through center 
of weld at 125 tons pressure. 


TEST NO. 2 


Two (2) pieces same grade and same dimensions, welded by 
acetylene process with 14 in. Norway Iron filler. Tested in same 
manner. Started bending at approximately 70 tons pressure; bent 
2 in. out of line at 100 tons. Pressure released at 100 tons, and on 
reverse pressure started bending at 95 tons; bent 1% in. out of 
line and cracked one-half way through center of weld at 110 tons 
pressure. 

TEST NO. 3 


Two (2) pieces same grade and same dimensions, welded by 
acetylene process with No. 1 patented steel 14 in. filler. Tested in 
same manner. Started bending at approximately 80 tons pressure, 


bent 114 in. out of center and broke clear through center of weld 
at 100 tons pressure. 
TEST NO. 4 


Two (2) pieces same grade and same dimensions, welded by 
electric process with 3/16 in. filler. Tested in same manner. 
Started bending at 85 tons pressure, bent 114 in. out of line and 
broke in two pieces at 100 tons pressure. 

From these tests the reader will note that the bronze weld sur- 
passes all others by a margin of fifteen tons, and the writer is 
thoroughly convinced the bronze weld for locomotive frames is 
superior to any fusion weld with other material I have thus far 
made. Furthermore, my experience has shown that the bronze 
weld can be made with approximately one-third less expense than 
any other fusion weld. 

In making these test welds, full access was afforded for test of 
expansion and contraction, and it was found that the bronze weld 
contracted only 3/64 in. after entirely cooling off.. Therefore, the 
bronze weld eliminates the frame problems we are confronted with, 
where it is almost out of the question to get the required expansion, 
other than by electric welding. Still another feature in favor of 
the bronze weld is that it can be completed in approximately one- 
half the time required in using any other filler, which necessarily 
results in quite a saving in time and material. 
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As to procedure—Cut the “V” to sufficient angle to give necessary 
torch play, taking pains, of course, not to get it too large, using as 
small a “V” as possible, thereby obtaining a quicker, better job 
with less expense for material, labor, etc. Chip the welding surface 
of frame as clean as possible, and last, but not least, get the best 
obtainable operators on the job and success is certain. 

In support of my above remarks, on October 15, 1924, we welded 
top rail of an engine in front of main driver without removing any- 
thing, and allowed for no expansion. This job was completed in 
thirty minutes after torch was applied, using No. 10 tips. Size 
of frame 4x5in. The entire cost of this operation, including labor 
and material, amounted to approximately ten dollars. 


Welding with Tobin Bronze* 


BY W. C. SWIFT} 


Welding with Tobin Bronze seems to be the phrase that has been 
adopted by welders to describe the process of joining by oxy- 
acetylene welding with Tobin Bronze, but when one stops to com- 
pare the processes of welding with Tobin Bronze and welding with 
steel or cast iron, it is soon evident that the two processes have 
little in common other than the preliminary careful cleaning of 
the weld areas of the base materials. That is a good thing to do 
in any welding but in welding with Tobin Bronze it is absolutely 
essential and the mill scale on rolled or drawn steel, unless rusted 
away, should also be ground or filed off. In the next step in making 
a weld with steel or cast iron rods, the base materials are positioned 
and if no preheating is required the oxy-acetylene flame is applied 
directly on the weld areas which are brought to fusion heat as 
rapidly as possible, using the greatest heat of the oxy-acetylene 
flame and adding similar material while the weld areas of each 
base material are maintained at fusion heat, until the joint is 
filled and the weld completed. In welding with Tobin Brouize it is 
advisable to apply the heat a little back from the joint and let it 
flow evenly to the entire surface of the “V,” taking care that the 
weld areas are not heated at any time above a dull red. A good 
flux should be used and in making a large Tobin Bronze weld, the 
weld areas should be “tinned” with the Tobin Bronze and bronze 
then added to complete the weld. It is essential that the inner 
cone of the oxy-acetylene flame be kept away from the Tobin Bronze 
otherwise the bronze will burn quickly and weaken the weld. 

Welding with steel and cAst iron is based on the principle of 
fusion of the weld areas of the base materials and, in a weld of any 
thickness, of addition of fused similar material: Welding with Tobin 

*Presented at the May, 1925, meeting of the New York S« 
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3ronze is based on the principle of surface alloying with a fused dis- 
similar material of the weld areas of the base materials which are 
heated to a dull red only. You will note that these principles are 
different in each essential respect; and that is the reason why one 
meets so many welders who tell you they have tried to weld with 
Tobin Bronze but have had no success. The reason they have had 
no success is that they have tried to weld with Tobin Bronze just 
exactly as they weld with steel or cast iron—and it cannot be done. 

It is probably a question with welders who have been welding 
successfully steel with steel and cast iron with cast iron for many 
years why they should weld steel and cast iron with Tobin Bronze. 
They all know that that is the only possible way to weld malleable 
iron and retain the strength and malleable qualities because, once 
malleable iron is melted, it is no longer malleable iron—only a very 
poor cast iron, and it can be welded with Tobin Bronze without 
being melted. And just there is basis for welding steel and cast 
iron with Tobin Bronze as each can be welded, just like malleable 
iron with Tobin Bronze without being melted and with cast iron 
this leads to great advantages in many instances. In the case of 
the welding of cast iron pipes, in sizes above 4 in. diameter with 
cast iron without preheating, the pipes crack, but in welding with 
Tobin Bronze, the mild heat at which it is possible to make the weld 
does not affect the pipes and wherever this work is done as it should 
be done, it is a remarkable success. The mild heat at which cast 
iron can be welded with Tobin Bronze makes it possible, in most 
cases, to make the weld without extensive preheating, oftentimes 
saving dismantling and reassembling. There are some welding 
shops which have, in the past three years, welded upward of 500 
automobile engine blocks each with Tobin Bronze with complete 
success, frequently doing the work without removing the block 
from the car. It is becoming the common thing in railroad repair 
shops to weld locomotive cylinders in place with Tobin Bronze. As 
Tobin Bronze is about three times as strong as cast iron it is possi- 
ble to use proportionately less of the bronze. Anything breaks in 
the weak spot, so, if the weak spot can be made three times as 
strong as at first, it is a great advantage. Then, if the weld can 
be made without preheating and in one third or less the usual time 
and have a joint three times as strong and one that will not rust, 
why not weld with Tobin Bronze? 

Steel can be welded with Tobin Bronze in about one-half to one- 
quarter the time required to make a weld with steel. The Tobin 
Bronze weld is as strong as the steel weld, there is no injury to the 
base material, and little if any warping or pulling out of line. In 
welding galvanized iron with Tobin Bronze, the welds are made 
very rapidly, with no burning of the galvanized coating, will not 
rust and are practically non-corrodible. 

To summarize—practically every article or part brought to a 
welding shop can be welded with Tobin Bronze except aluminum. 
In a large central city a new repair shop was opened last year by 
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a man who did not know how to weld with steel or cast iron and he 
still does not know how, but he got an oxy-acetylene welding outfit 
and from time to time he buys a few Tobin Bronze rods and a can 
of flux and he is still in business and making money. Occasionally 
he has to turn away a job, but what he does do are done quickly 
and he turns out from two to three times as much work in a month 
as the welders who weld entirely with steel and cast iron welding 
rods. The welders of the other shops in that city all laugh at him 
but the proprietors are not laughing so much as they are thinking. 
There are many welding shops who began with oxy-acetylene equip- 
ment and who later added electric welding equipment for the reason 
that many welds can be made electrically on work in place without 
preheating. Most of such work can be welded by the oxy-acetylene 
process also in place and without preheating with Tobin Bronze. 

Welding electrically with Phosphor Bronze is making rapid 
progress and the developments of the near future seem to promise 
almost as great advantages in welding electrically with Phosphor 
Bronze as have been proved in welding by the oxy-acetylene 
process with Tobin Bronze. We hope by the time the meetings of 
the society are resumed this fall to be able to present definite data 
of value on welding electrically with Phosphor Bronze. 





Welding of Ornamental Iron* 
R. WEIMERt 


Forge welding of ornamental iron is one of the oldest forms of 
welding known and dates back to the middle ages. Smith’s work 
in connection with ornamental iron for architecture and industry 
commenced from about the tenth century. In the twelfth and thir- 
teenth centuries the Smith’s productions became highly important, 
and noteworthy door ornamentations are found in the cathedrals 
of Paris, Liege and Rouen. The characteristic features of Roman 
iron work are slitting of bars and scrolling the parts; then welding 
together the separate bars into complex designs. The banding and 
welding together of these scrolls is little changed in this class of 
work even today. Highly ornamental balustrades and grills of 
today bear a very close resemblance from a construction viewpoint 
to those of the fifteenth and sixteenth centuries. 

The welding of ornamental iron is too broad a subject to consider 
in all its phases in this brief paper so we shall confine it to those 
items which are more common in the average new building of to- 
day. Use can be found for all forms of welding in ornamental iron 
work but the two forms in which we are most interested at this 
time are the metallic arc and gas welding. 

The items most commonly called for under ornamental iron spe:i- 





*Presented at the May, 1924, meeting of the Pittsburgh Section, A. W. S. 
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fications are steel stairs and balustrades, doors and door frames, 
fences, lamp posts, ladders, marquese frames, pipe rails, coal 
chutes, area gratings, racks and shelving of all kinds. The standard 
specifications issued by the American Institute of Architects makes 
no mention of welding and it is really surprising how little of weld- 
ing is known by many well-known architects and engineers. But 
a short time ago the writer was quoting a certain company on 
several roof trusses to be used for a boiler house and was referred 
to the architect for his approval on electric welding them. After a 
few minutes’ talk with him it could be seen that he was not favor- 
able to welding in any form. He said, in fact, that he would sooner 
have the trusses soldered than welded. Such has not been my ex- 
perience with all architects, but at another time we had a very 
simple railing to furnish and on our details showed welding of the 
pickets into the top rail. The architect marked off the welding and 
later when called upon he said he did not want to spring welding 
on his client just yet, as it was something new. Although electric 
welding may be new, speaking in one sense of the word, yet it is 
old enough to have stood the test of time in uses which are by far 
greater tests of welding than is to be found in ornamental iron 
work. There are many conditions met where welding, from an 
economic viewpoint, are not feasible; but in general many items 
used in construction work can be fabricated by welding at a con- 
siderable saving over riveting or bolting and it is upon these that 
[ wish to dwell. 

In stair work it is common practice to put a shoe angle on the 
strings to support the tread and riser. Instead of riveting these 
angles onto the channels we notch out one leg of our angle, bend it 
at right angles and trim off the ends of each leg, then weld it to 
the channel. By doing this we do not need to punch the channel ex- 
cept for newel post connections, and eliminate putting rosettes on 
the rivet heads on the exposed stair string. As for laying out of the 
strings, the time is greatly reduced as the main point we are ir- 
terested in is the point where the nose of each riser comes and the 
other measurements automatically take care of themselves. The 
tread and riser are formed in one piece and when placed on these 
angles form our steps. If the flights are short and building con- 
ditions permit these are then welded to the stringer on the tread 
side and under the nose; when the tread is filled with concrete the 
welds are concealed but make a stair that will be forever solid. We 
have lifted a flight of steps twenty-three feet long built up in this 
way by placing a clamp under the nose of the center riser without 
damaging it in any way. Tests have been made on stairs con- 
structed in this manner by placing a load of 460 lb. to the square 
foot for 48 hours with a deflection of 3/16 in., and after removing 
the load having distorted the stairs in the center but 1/64 of an 
inch. One of the greatest advantages in constructing stairs in this 
manner is that an absolutely tight joint can be made between the 
tread and riser and the strings as they can be forced together with 
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a man who did not know how to weld with steel or cast iron and he 
still does not know how, but he got an oxy-acetylene welding outfit 
and from time to time he buys a few Tobin Bronze rods and a can 
of flux and he is still in business and making money. Occasionally 
he has to turn away a job, but what he does do are done quickly 
and he turns out from two to three times as much work in a month 
as the welders who weld entirely with steel and cast iron welding 
rods. The welders of the other shops in that city all laugh at him 
but the proprietors are not laughing so much as they are thinking. 
There are many welding shops who began with oxy-acetyiene equip- 
ment and who later added electric welding equipment for the reason 
that many welds can be made electrically on work in place without 
preheating. Most of such work can be welded by the oxy-acetylene 
process also in place and without preheating with Tobin Bronze. 

Welding electrically with Phosphor Bronze is making rapid 
progress and the developments of the near future seem to promise 
almost as great advantages in welding electrically with Phosphor 
Bronze as have been proved in welding by the oxy-acetylene 
process with Tobin Bronze. We hope by the time the meetings of 
the society are resumed this fall to be able to present definite data 
of value on welding electrically with Phosphor Bronze. 





Welding of Ornamental Iron* 
R. WEIMER} 


Forge welding of ornamental iron is one of the oldest forms of 
welding known and dates back to the middle ages. Smith’s work 
in connection with ornamental iron for architecture and industry 
commenced from about the tenth century. In the twelfth and thir- 
teenth centuries the Smith’s productions became highly important, 
and noteworthy door ornamentations are found in the cathedrals 
of Paris, Liege and Rouen. The characteristic features of Roman 
iron work are slitting of bars and scrolling the parts; then welding 
together the separate bars into complex designs. The banding and 
welding together of these scrolls is little changed in this class of 
work even today. Highly ornamental balustrades and grills of 
today bear a very close resemblance from a construction viewpoint 
to those of the fifteenth and sixteenth centuries. 

The welding of ornamental iron is too broad a subject to consider 
in all its phases in this brief paper so we shall confine it to those 
items which are more common in the average new building of to- 
day. Use can be found for all forms of welding in ornamental iron 
work but the two forms in which we are most interested at this 
time are the metallic arc and gas welding. 

The items most commonly called for under ornamental iron spe: i- 
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fications are steel stairs and balustrades, doors and door frames, 
fences, lamp posts, ladders, marquese frames, pipe rails, coal 
chutes, area gratings, racks and shelving of all kinds. The standard 
specifications issued by the American Institute of Architects makes 
no mention of welding and it is really surprising how little of weld- 
ing is known by many well-known architects and engineers. But 
a short time ago the writer was quoting a certain company on 
several roof trusses to be used for a boiler house and was referred 
to the architect for his approval on electric welding them. After a 
few minutes’ talk with him it could be seen that he was not favor- 
able to welding in any form. He said, in fact, that he would sooner 
have the trusses soldered than welded. Such has not been my ex- 
perience with all architects, but at another time we had a very 
simple railing to furnish and on our details showed welding of the 
pickets into the top rail. The architect marked off the welding and 
later when called upon he said he did not want to spring welding 
on his client just yet, as it was something new. Although electric 
welding may be new, speaking in one sense of the word, yet it is 
old enough to have stood the test of time in uses which are by far 
greater tests of welding than is to be found in ornamental iron 
work. There are many conditions met where welding, from an 
economic viewpoint, are not feasible; but in general many items 
used in construction work can be fabricated by welding at a con- 
siderable saving over riveting or bolting and it is upon these that 
I wish to dwell. 

In stair work it is common practice to put a shoe angle on the 
strings to support the tread and riser. Instead of riveting these 
angles onto the channels we notch out one leg of our angle, bend it 
at right angles and trim off the ends of each leg, then weld it to 
the channel. By doing this we do not need to punch the channel ex- 
cept for newel post connections, and eliminate putting rosettes on 
the rivet heads on the exposed stair string. As for laying out of the 
strings, the time is greatly reduced as the main point we are in- 
terested in is the point where the nose of each riser comes and the 
other measurements automatically take care of themselves. The 
tread and riser are formed in one piece and when placed on these 
angles form our steps. If the flights are short and building con- 
ditions permit these are then welded to the stringer on the tread 
side and under the nose; when the tread is filled with concrete the 
welds are concealed but make a stair that will be forever solid. We 
have lifted a flight of steps twenty-three feet long built up in this 
way by placing a clamp under the nose of the center riser without 
damaging it in any way. Tests have been made on stairs con- 
structed in this manner by placing a load of 460 lb. to the square 
foot for 48 hours with a deflection of 3/16 in., and after removing 
the load having distorted the stairs in the center but 1/64 of an 
nch. One of the greatest advantages in constructing stairs in this 
manner is that an absolutely tight joint can be made between the 
tread and riser and the strings as they can be forced together with 
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clamps before welding, which is seldom practical for stairs bolted 
together in the field. One other part of stair construction which 
enables a great saving is in making bull nose or rounded risers— 
encountered very often on the first riser from each floor level. The 
riser being bent at the top into a channel form entails quite a great 
deal of work to bend it with this channel nose on; but cutting a 
quarter ring out of the proper thickness sheet, usually No. 12, 
and making this bull nose out of four separate pieces of steel and 
gas welding them together gives almost a perfect job. When it is 
ground or filed no joint can be detected and yet it is bent in a per- 
fect radius and without the usual kinks encountered in trying to 
bend this channel by heating and hammering. 

Electric welding of balustrades for stairs or balconies shows an- 
other great saving. The top and bottom channels are punched just 
large enough to allow the picket to enter the web of the channe! 
and protrude but a fraction of an inch and then welded to the -web 
of the channel. This compares to sawing of the pickets to a very 
accurate length and on exactly the right bevel to fit against the 
channel—then drill and tap every picket and bolt of the channel. 
When they are welded the pickets can be cut on a shear as a frac- 
tion of an inch variance in length is taken care of by the welding 
and a neat joint results on the face of the channel which is exposed. 
The top channel being covered with a hand rail and the bottom 
channel resting on the string all welds are concealed. Great care 
as to pitch and dimensions must be used for when once welded it 
cannot be moved. 

Paneled newel posts can be made at about one-third the cost and 
with as great strength as cast iron newel posts by using angles for 
the corners and welding bars on the inside of the angles, with the 
proper sized bars between the angles on the top and bottom. How- 
ever, owing to the design of most caps and drops on newel posts | 
do not believe a more economical way can be found than by having 
them made of cast iron except very simple ones which are made of 
pressed steel. 

It is in the making of steel doors and door bucks that the greatest 
difficulty in welding is encountered on account of the danger of 
drawing or warping the channels and plates. Door bucks, as we 
usually make them, have a channel on each side and a channe! 
header which extends over the sides about three inches to anchor 
it to the wall. It is in welding the side channels to the head channe! 
that great care must be used or when it is finished the sides will be 
bowed out of alignment often several inches. In welding on the 
anchors and door stops as light a weld as feasible must be made. 
It is well to alternate the putting on of these anchors and securely 
clamp the door buck across the center and at the bottom end so that 
there is very little give in the frame while welding. To cut a slot 
with the torch in the web of the channel and weld on the door stops 
through these holes seems to overcome more of this warping than 
by welding through a hole in the door stop. 
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It has been the writer’s experience that welded pipe rails for 
any sized job can be made far more economically by using standard 
rail fittings and slip joints than by any form of welding. In the 
first place, the time required to prepare the joints for a neat fit and 
then weld them smoothly is far out of proportion to the cost of 
buying standard rail fittings. Another reason is the field condi- 
tions encountered in erecting them. The rails may be made up ever 
so accurately in accordance with the drawings and yet changes are 
made or measurements not adhered to in putting up the building 
so that variance is very desirable in pipe rails as in other forms of 
ornamental iron work. Again, where the pipe rails enter the walls 
or columns and are also grouted into the floor, three or more ends 
of the pipe must be made to enter at one time, requiring consider- 
ably larger holes. 

As for the other items usually included under ornamental iron 
welding can be used far more economically than any other form of 
construction where fixed and rigid joints can be used. In welding 
ornamental iron the welds are usually small and must be of full 
strength. Appearance in this class of work counts for a great deal, 
necessitating the grinding and finishing of all joints that are ex- 
posed. This, naturally, has a tendency to weaken the weld and 
what is left after grinding must be of the greatest strength possi- 
ble, requiring a skilled welder and a smooth arc. 

A great deal remains to be done in the way of educating welders 
to this class of work. As there is little or no data or instruction 
available, it presents a good field for research work. The possibility 
of using welding in structural and ornamental iron work is only 
in its infancy and to have welding specified for all of this class of 
work should be our aim. 





“Job Welding of Aluminum” * 
D. H. MILLER+ 


The welding of the different breaks that occur in aluminum offers 
many problems. They are quite easily understood by technical men, 
but the practical man has to work them out through a lot of heart- 
breaking experiences. 

There are two distinct methods in welding aluminum: namely, 
the puddling system and the flux system. 

The puddling system is done almost entirely without flux. We 
use shaped out tools to work with, made out of % in. or \% in. 
steel rods; one we will bring out to a point and curve a little and 
the other flatten out on the end like a paddle. The length might 
be about the same as the welding rod ordinarily used. 


*Presented at the May, 1925, meeting of the Boston Section of the American 
Welding Society. 
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If the need demands, a mold can be made out of one-third 
plaster paris mixed with two-thirds asbestos, or a piece of copper 
plate shaped out to fit the curves of a casting to support the weld- 
ing, for there is one thing that will happen if you are not careful, 
and that is that your aluminum will fall away like lead during the 
application of the torch. You will also find that the surface of 
your work will not give you any warning before a collapse. That 
is the only reason for backing up your line of welding. 

After preparing your work as previously mentioned, start your 
torch melting the metal along the line of the break and scrape it 
out as you go along with the pointed tool. The reason for this is 
to break up the oxide that is on the surface of your casting. It 
should be borne in mind that it is the bottom of the break that one 
is trying to get at, so that a solid weld may be obtained all the 
way through. 

This should be done for about two or three inches at a time if 
it is a long break. 

When the first piece is V’d out, start at the beginning of the 
break and fill in with new metal, at the same time keeping the 
base metal in a mushy state so that the rod will be submerged in 
the mass when adding metal; otherwise you might find that you 
are only laying the metal on top and not welding at all. Of course, 
the paddle will help a great deal in mixing the old and new metal 
together. This is done by keeping the torch over the metal while 
working it to the desired place and shape that you want it, at the 
same time keeping the paddle from getting too hot. In other 
words, soften the metal so that the paddle can work it and keep 
the torch ahead of the paddle, coming back once in a while to 
keep it soft until that part is scraped off and finished to the level 
of the casting, then proceed again as before until the entire weld 
has been made. 

The flux system does away entirely with scrapers and paddling; 
the idea is to make the metal run with the torch and flux. It is not 
necessary to get to the bottom of the break in order to make a 
good flux weld. If it is a heavy piece that is being welded, an 
oxidizing flame might be used close to the work to spatter away a 
groove until about 14 in. from the bottom. 

This is accomplished by holding the torch close to the metal 
until the top of it starts to melt; then place the flame in back of 
the molten part with a forward movement of the flame and it will 
fly out, being careful not to push it out with the torch tip. The 
flame tip will do the trick. 

If desired the aluminum rod may be used to help scrape out a 
groove, using a neutral flame. The metal must be got in a mushy 
state so that the rod can quickly push it out. The grooving and 
welding goes right on from the very start. 

After the metal is V’d out by this or other methods, the flux is 
added by dipping the warmed-up rod into it and placing it in the 
line of weld without melting the rod. Then the torch heating the 
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base metal will cause it to melt and run together. The torch 
should be pulled away as quickly as possible so that the metal 
will not fall through. 

If the metal does not seem to run after it has been melted, flux 
should be added until it does run freely. 

When adding metal to build up to the required surface, it should 
always be added with flux, being careful not to overheat, as it 
will cause the aluminum to fall through. 

If the place that is being welded gets so hot that the added metal 
cannot be controlled, start working ahead of that place and come 
back a little later to finish building up. 

In some instances the torch might be taken away from the weld 
for a fraction of a minute and then put back to build up again, for 
it does not take long for the metal to get hard enough to work 
on again. 

The actual welding should always be done with a neutral flame. 
Do not try to work with the acetylene cylinder almost empty, as 
that will hinder you from getting a good working flame. Your work 
would be done slower and poorly, for in welding aluminum, it is 
best to finish the work in the shortest possible time. Of course a 
good solid weld should be obtained, but “quickly and solid” should 
be the motto. 

In welding thinner castings, such as automobile cranks or trans- 
mission cases, you might go about it a little differently. The torch 
movements should be quick. Bring the torch close to the work. 
Start melting and add rod and flux at once, pulling the torch 
momentarily away, then bringing it back again, giving it an artist’s 
touch—sort of a finishing touch on a painting—adding a little flux 
with the rod. 

In doing this, you will notice that the lump will gradually level 
itself off, for aluminum has a great habit of sinking when heat is 
applied. It is desirable for the weld to sink through in beads, 
but don’t try to weld so as to cause it to bead, as it will naturally 
go through if you try to get a solid weld. Don’t try to melt the 
under beads, as it is more practical to chip them off with a chisel 
after the casting is cooled. You continue this action until the 
entire weld is made, remembering that when the surrounding 
metal gets too hot to control, to take the torch away so that it 
may get solid enough to work on again. Don’t try to work ahead 
on thin metals. 

In a good many instances it is necessary to preheat castings 
to keep them from cracking during the welding or after the weld is 
made. For instance, if a piece is broken out of the side of a crank 
case, due possibly to a connecting rod letting go and going through 
the side, the casting should be preheated. 

This is accomplished by building an oven out of fire brick, 
leaving a small opening between each brick in the first layer, and 
building the rest of the layers solid until a little above the height 
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of the casting, leaving about six or eight inches between the wall 
and casting all around. 

Then place the charcoal] around the casting so that none touches 
it, but before doing this, the casting itself should be prepared by 
taking everything out of it, such as bearings, gears, etc. Take the 
broken pieces and make one out of them by welding them together 
on the table, finishing off the pieces by grinding or filing down to 
shape and fit it as near as possible to the hole in the casting. 

When this is accomplished, it might be tacked in place. One or 
two tacks in a broken place will not do any harm to the casting. 

Preheating should then proceed. Start the charcoal with a lit- 
tle kerosene, letting it burn without any covers on the oven until 
pretty well started; then only cover partially and leave until the 
most of the oil is burned out of the casting; then cover entirely 
until the casting stops smoking. 

By this time the casting is about ready for welding. Put on the 
gloves, place the flux and rods in a convenient place for working 
and uncover enough of the furnace to put the casting in a position 
with the tongs to commence welding. 

At the same time see that the hot charcoal does not touch the 
casting. You might also place a sheet of asbestos around the 
immediate vicinity of the casting to avoid drafts, and start to weld. 

When finished, place it back in position and cover all over so 
that it will cool off slowly. Do not have too large a fire in pre- 
heating aluminum at any time. The slower the heating, the better 
it is for the casting. 


The Rationale of Safe Welded, Unfired 
Pressure Vessels 
By S. W. MILLER* 
INTRODUCTION 


It has been proven beyond doubt, that safe fusion welded, un- 
fired pressure vessels can be made, but there is in the minds of 
those responsible for the making of codes for the construction of 
such vessels, and also in the minds of those responsible for author- 
izing their use, that such vessels cannot be constructed with suffi- 
cient uniformity at the present time to warrant giving welding as 
high a rating as other forms of joining. We may well believe that 
those referred to are wrong in their opinions, but the fact remains 
that these opinions have considerable effect on the situation. It 
is with the view of showing how these opinions can be modified to 
the benefit of fusion welding that the following has been written. 

We must admit that there have been ruptures of welded pres- 
sure vessels in service.. It must also be admitted that there have 


*Union Carbide & Carbon Research Laboratories, Inc. 
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been numerous ruptures of riveted pressure vessels, regardless of 
the fact that riveted construction is considered safe by those above 
referred to, but it is useless to try to employ such failures of rivet- 
ing as an argument in favor of welding. 

The factors involved in the fusion welded pressure vessel are 
the materials used, that is, plate or sheet and welding rod; the 
method employed, that is, gas or electric; the men doing the actual 
work, including those preparing the material for welding as well 
as the welders and those doing the testing; the draftsmen who de- 
sign the vessels; the supervisors of the workmen, and finally, those 
higher up in the organization who are responsible for the adoption 
of definite principles and practices. 

In what follows, it will be necessary to refer frequently to the 
report of the Boiler Code Committee on Unfired Pressure Vessels. 


MATERIALS 
Steel Plate 


As provided in the code, fusion welding may be done in plates 
of several compositions: 


1. That used for forge welding, whose principal characteristic 
is a carbon content of not over 0.15 per cent. 

2. In steel of either firebox or flange qualities, as provided in 
the power boiler code, whose principal characteristic is a 


carbon content of from 0.15 to 0.25 carbon. 


The tensile strength of the first material is given as 45,000 lb. 
minimum. Firebox and flange steel may range from 55 to 65,000 
lb. tensile strength. By inference it is also permissible to use 
Armco iron, because it was the intention of the Boiler Code Com- 
mittee to permit its use in power boilers, although the present 
wording in the power boiler code technically does not allow it. No 
other materials are permitted. 

The pressure vessel being a combination of plate and weld, both 
must be good if safe results are to be expected. The word “good” 
may be used to cover a great many characteristics of the plate. 
It may refer to its chemical composition, its physical properties, 
or to other less obvious characteristics. Evidently, steel plate of 
improper chemical composition should not be employed, and as the 
physical properties depend somewhat on the chemical composi- 
tion, the latter is of considerable importance. Well-made steel is 
largely dependent for its physical properties on the amount of 
carbon in it, and this is the first thing to be considered in decid- 
ing what chemical analysis should be followed. Other things be- 
ing equal, the higher the carbon, the more difficult is the weld- 
ing, and the less satisfactory is the weld. Of course, the differ- 
ence in welding qualities is not very great between 0.10 per cent 
carbon and 0.20 per cent carbon, but there is a marked difference 
between 0.20 per cent carbon and 0.30 per cent carbon. There is 
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a corresponding difference in the physical properties, 0.15 per 
cent carbon having probably 50,000 lb. tensile strength, while 
0.30 carbon will have about 65,000 lb. These figures, of course, 
refer to plates of ordinary thickness made in the usual way. Any 
plate that has to be heated in the course of its fabrication is far 
better made of low carbon material, especially when it has to be 
heated locally. Also, any plate that has to be mechanically worked 
locally should be made of low carbon steel because it offers less 
resistance to distortion on account of its lower strength and greater 
ductility. Welding involves a local heating and so calls for low 
carbon plate. Also, there is a certain amount of local stress set 
up in the welding which is equivalent to local mechanical work, 
and again, low carbon material is preferable. 

Welding materials are of many kinds, and as there is nothing 
in the code to prevent the use of ordinary welding wire any pro- 
visions in it must take account of this. No responsible manufac- 
turer uses anything but wire that is particularly made for welding 
and such wires are al! of high quality, although some undoubtedly 
are better than others. Such material has a tensile strength in a 
double V weld of the same section as the plate of about 50,000 lb. 
per square inch of plate section. Evidently a weld made in high 
tensile strength plate has a lower efficiency than one made in low 
tensile strength plate, which is another good reason for using low 
tensile strength plate. It is quite clear that a 50,000 Ib. weld in a 
65,000 lb. plate will rupture in the weld, while a 50,000 lb. weld 
in a 50,000 Ib. plate should rupture almost any place. It is also 
evident that in either case the thickness of the plate, and there- 
fore its weight, will be the same. 

But there is still another and exceedingly important considera- 
tion. We have considered chemical compositions and tensile 
strength, but we have not said anything about quality, aside from 
these characteristics. Steel is made in four usual qualities, fire- 
box, flange, ship and tank. All of them have specifications except 
tank steel, and it may be anything, and while some of it may be 
suitable for welding, there is no assurance that any material or- 
dered as tank steel will give satisfactory results. The quality we 
are now considering has to do principally with the rather indefinite 
things that result from making the steel properly. Steel of good 
quality is free from impurities of various kinds, it has not been 
poured too hot, care has been taken that the ingot molds are clean, 
and of the best types, and in all ways, the steel has been well made 
We used the word “good” in our daily life to describe things that 
we know little about, but which we find by experience give us sat 
isfactory service. It is the same way in steel. Firebox steel is 
the best plate made. Flange comes next, then ship, and finally 
tank, and we will recognize that there must be some difference be- 
tween these different classes when we appreciate that all four over 
lap each other as far as physical and chemical requirements ar: 
concerned. That is, we can get from anyone of the classes a stee 
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which will meet the requirements of any of the other three, as far 
as composition and physical test go. 

It has been found that the fusion of poor quality steel results in 
weakness in the plate next the weld. It is principally for this rea- 
son that tank steel should not be employed for high quality weld- 
ing, and evidently, for the best results, firebox plate should be used. 

We, therefore, arrive at the conclusion that for the best re- 
sults in welded pressure vessels, we should use firebox plate of low 
carbon content and low strength. 


Welding Rods 


There are welding rods on the market that have much higher 
tensile strength in the weld than the 50,000 lb. per square inch 
referred to above. Some of them are patented, and therefore can- 
not be referred to in an American Society of Mechanical Engineers 
code. They will give in the double V welds of the same section as 
the plate, an average of about 57,000 lb. per square inch of plate 
section. Their use will permit of somewhat higher tensile strength 
plate being used or will give a greater factor of safety for the aver- 
age welder. Of course, for the best results, their use should be 
advocated. 

There are also welding rods that give still higher tensile strength 
in the weld, and where the welder understands their use, they can 
be safely employed with a corresponding increase in the allowable 
tensile strength of the plate. It should be understood that what 


has been said in regard to welding rods applies equally to those for 
gas and electric welding. 


Inspection of Material 


In order that proper materials may be assured, they must be in- 
spected upon receipt at the factory. It is useless to specify closely 
certain requirements, unless it is determined that the delivered 
materials meet these requirements. Just how to do this depends 
on the conditions at the factory. Where large numbers of small 
sheets are used, it is a great burden to test each sheet. In the 
code there is a specification under “Steel Plate for Brazing’’ which 
provides that sheets less than \4 in. in thickness need not be stamped 
at the mill because of the small size and light weight of the sheets. 
The manufacturer is required to mark each vessel so that he will 
be able to identify the heat from which each tank has been made. 
In the case of thicker sheets, it is required by the code that each 
one be stamped, and while this is not definitely stated under the 
provisions for fusion welding, ali piates for forge welding and 
power boilers must be so stamped but as the minimum thickness for 
forge welding is 4 in., and as by the code, no welded pressure 
vessel can be made more than 3/16 in. thick when a longitudinal 
seam is used, it would doubtless be held by the Boiler Code Com- 
mittee that what was fair for brazing would be fair for welding, 
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and that the smaller sheets would not need to be individually 
stamped. There are various other detail requirements in regard 
to composition and physical properties that are given in the Power 
Boiler Code, and the manufacturer of tanks should insist on the 
steel he buys meeting these requirements by testing the material 
himself. 


The Testing of Welding Rods 


The technique of testing welding rods is very simple, and good 
shops always subject their wires to these tests. The chemical re- 
quirements as given by the American Welding Society in their 
Bulletin No. 2 are very good, and wires made according to them in 
addition, meeting the welding tests described below, will not fail 
to give good results in service. 

A simple test can be made by laying a piece of welding rod on 
the bench with its end extending out several inches and melting 
down about an inch of the end across its section with a small weld- 
ing flame, in the process of which, any pipes, impurities or other 
defects will be easily found. The test should be made with a flame 
smaller in size than that ordinarily used for welding it. The rea- 
son for using a small heat value in testing is that no matter how 
good the wire is, it will perform badly when-it is overheated, and 
that under that condition its quality cannot be determined. By 
laying the wire flat onan iron table, and melting it halfway 
through with a welding flame, its welding qualities for gas welding 
may be determined, first by the smoothness and ease with which 
it melts; second, by the evenness and smoothness of the melted sur- 
face, and third, by the lack of sparks. Wire that sparks badly, 
has a rough surface after melting, or that does not flow smoothly 
and freely under the torch, is not suitable for gas welding. 


Welding Equipment 


Welding equipment may not be considered exactly as material, 
but it is just as essential that it be of proper quality, properly in- 
spected and properly maintained in repair as to have good mate- 
rals. The regulators should be sturdy and well made, so that both 
oxygen and acetylene pressures may be regulated accurately, and 
that the volume and pressure on the low side that operates th: 
torch will not fluctuate. Nothing is more aggravating to a welder, 
or results in poorer quality of welds than a fluctuating flame, that 
is, now excess oxygen and now excess acetylene. With such a flam: 
variation, the welder eventually becomes not only careless, but 
reckless, and unless the condition is corrected not only will welds 
be bad, but production will suffer. Torch tips must be of the right 
size for the work, and must not be forced if good welds are ex 
pected. A definite amount of metal, and no more, can be laid int: 
a weld properly with a given size tip, and forcing the tip in an en- 
deavor to increase the speed and output will usually result in in 
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ferior work. As a matter of safety and for reasons of economy, 
the hose and connections should be kept in good condition. 

Detail information in regard to maintenance of apparatus can 
be easily obtained from its manufacturer. 

To sum up, through maintenance of the apparatus as well as the 


purchase of good apparatus is essential to good, consistent and safe 
work. 


DESIGN OF THE WELDED JOINT 


A steel weld is a steel casting, and it is well known that a steel 
casting does not have the resistance to bending that a steel forging 
of the same tensile strength has. This indicates that the best oper- 
ating stress for a weld is tension, so that welds in tanks should be 
as much as possible in tension when in service. The next best 
stress is shear, as the ultimate shearing stress of a weld is about 
40,000 Ib. per square inch. Therefore, designs should be so made 
that welds are in tension if possible, although shear may be used 
in most cases with entire safety. Other stresses should not be al- 
lowed unless they are kept low. 

Fortunately, welded pressure vessels can be designed with all the 
seams in tension. The results of such designs are well shown in 
the tests made by the American Welding society at Washington 
and conducted by the Bureau of Standards. 

The proposed code is quite specific in its requirements for thick- 
ness of heads and for radii of the dish and of the knuckle, and it 
will be necessary to observe these requirements. In any case, they 
are advisable because they are based on experience. Mud drums 
of water tube boilers have failed with serious results because of 
improper design of the heads. It has been a frequent practice 
in welded vessels to use the same thickness of head as of shell where 
the maximum strength of the shell is wanted, but this is not safe. 
Where the head is much thicker than the shell, as in the case of an 
inverted head, that is, one convex to the pressure, good welding 
practice demands that the end of the flange should be thinned down 
to the same thickness as the shell. This is well described and ex- 
plained in Bulletin No. 5 of the American Welding Society, giving 
the results of the tests at Washington. 

The Code specifies the double V weld for longitudinal seams. 
While it is, of course, true that single V welds have been used for 
longitudinal seams, yet the Washington tests show that there is a 
distinct advantage in the double V design. We must remember 
that we are dealing with minimum requirements in the Code. 
Ordinarily, low carbon welding wire does not make a reliable single 
V weld, as has been proved by hundreds of tests. This is espe- 
cially true where a heavy tip is used in gas welding. These high 
heat values cause excessive sparking, and these sparks fall on the 
V ahead of the weld. They melt below the temperature at which 
the steel melts, and in the case of gas welding, coat the surface of 
the V with a film of oxide apparently making a weld, but in reality, 
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causing nothing but a more or less weak adhesion. These ad- 
hesions are, when quite thin, of considerable tensile strength, but 
they will not stand shock or bending stresses, and are, therefore, 
very dangerous. It is also a difficult matter for the welder to fuse 
to the bottom of the V, and not beyond it, and where he does the 
latter, he tries to fill up the hole by pouring a lot of metal in to 
bridge it over. He may do this, but he does not get a true weld, 
only a lot of globules of melted metal, held together by oxide. 

In order to avoid these troubles, the welder is careful to avoid 
melting through the bottom of the V, and this means that he does 
not go to the bottom of the V, so that the weld is not perfect. These 
difficulties can be easily avoided by the use of the double V weld. 
There is half the amount of welding in it that there is in the single 
V, and it has been found by experience and test that the cost and 
time occupied are no greater than those of the single V weld. If 
anything, in relatively thin sheets, the advantage is with the double 
V weld, because the sheets need not be beveled. Further, any im- 
perfections that may be in a double V weld are at the center, and 
are more than made up for by the reinforcement Bulletin No. 5 
above referred to shows very distinctly the superiority of the double 
V type, even though it goes only one-third through the sheet on 
each side without any reinforcement. Such welds show about 80 
per cent of the strength of the plate, in spite of their obvious imper- 
fections. 

It is clear from the above that the designer must forget much of 
what he has been used to in riveted work and must think welding. 
He should make himself familiar with welding practices and should 
consult with the shop so that his designs may be feasible. One im- 
portant point is that while it is customary to represent welds by 
a single or double V with straight sides, and while it is true that 
the sheets are so prepared, yet the finished weld is not at all of 
these shapes. The only way that the designer can find out about 
this is to section actual welds. In this way he will find the diffi- 
culty of making a weld in a 45 deg. angle, and will avoid it in places 
where it is necessary to weld through the V. He will also find that 
it is much to his advantage so to design as not to try to weld two 
different thicknesses of plate, or one plate beveled to 45 deg. and 
another one beveled to 135 deg., as sometimes is attempted where 
two plates meet each other at right angles. He will find that 90 
deg. is the best angle for corner welds. 

The designer may also find out that for many purposes, say for 
pressures below 30 Ib., in small tanks not covered by the Code, weld- 
ing with bronze will be quite satisfactory and much more rapid 
than welding with steel. We may, therefore, sum up our design 
problems as follows: 

Use welds in tension preferably, with the next preference given 
to shear. Do not subject them to bending or shock, unless at low 
stresses. Always use longitudinal seams of the double V type. 
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Never weld together two sheets of different thicknesses, unless the 
thicker sheet is reduced at the edge to the same thickness as the 
thinner one. Avoid unequal angles at the bottom of the V. 

It might be said further, with regard to bronze welding of steel, 
that it is not always necessary to V the sheet. In fact, it is some- 
times better to build up the weld on both sides of the sheet after 
butting the edges together, in this way making a weld of the double 
V type. Such welds can be made of a strength equal to the sheet, 
by making them thick enough, and if the tensile strength of the 
bronze be assumed at 30,000 lb. per square inch, and the shearing 
strength of the union between the bronze and the steel at 40,000 
lb., welds designed on this basis will be perfectly safe. It will also 
be found that there is a practical limit to the width of the weld 
when a certain thickness is desired when using bronze; that is, the 
welder will be unable to build up the weld to the desired height 
without making it more than wide enough to take care of the shear- 
ing strength. Much more information is available on welding steel 
with bronze, which it is not necessary to insert here. What has 
been said is for the purpose of emphasizing the necessity of think- 
ing welding in the production of welding designs. 


PREPARATION OF THE PIECE FOR WELDING 


This heading includes the shop work prior to the welding. The 
first operation is the laying out of the sheet for the shell, and this 
should be done so that the finished diameter will be the same as 
that of the heads, that a good fit may be had. The bevel should 
be machined, or if cut with a torch, should have the scale thoroughly 
removed, preferably by mechanical means such as chipping. Of 
course, in a shop making any number of pressure vessels, there 
are proper shears, planers or other suitable tools for the purpose. 
The flanging of the heads should be done so as to produce the proper 
radius of the knuckle, as well as to secure the proper dish. Where 
there is too great a difference between the thickness of the head 
and the shell, proper design should be followed in making them the 
same for ease of welding and to secure quality in the weld. 

Where necessary, suitable jigs or fixtures should be used to hold 
the pieces in line while being welded. It is not possible to specify 
in any reasonable space the design for these fixtures, because there 
are many types of them which are equally efficient and because of 


the difference in design necessary for different thicknesses of 
metal. 


ORGANIZATION 


Beginning with the management, the importance that welding 
deserves must be given it. If the error is. made of considering 
welding as only a cheap substitute for riveting, as it has too 
often been considered, good welding will never be done. Weld- 
ing as a method of joining plates in pressure vessels is far 
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superior to any riveted joint, but if its superior qualities are to 
be obtained, all the precautions that are necessary to first class 
work must be employed and the management must insist on their 
employment. 

This same spirit must animate everyone in the organization, 
but if it does not exist in the management, it certainly will not 
exist in the subordinates. It is not necessary for the manager 
or chief operating officer to be a welder, but he must have compe- 
tent welding supervisors who not only know how welding should 
be done, but who are able to teach the welders to do it and in- 
sist on a high standard of quality being maintained. This means 
that the welding supervisor must be a man that has had a good 
training in welding. He should be more or less familiar with 
metal and should be able to notice quickly when anything is go- 
ing wrong in the operation. He should be able to train his 
men to weld properly and as should all good foremen, be able 
to inspire them with the desire to produce work of the best 
quality. The matter of organization may be summed up by say- 
ing that if the management has the proper view, that is, that 
welding will produce the best type of joint when properly em- 
ployed and made, the rest of the organization will produce the 
kind of welds desired, and that unless this view is taken by the 
management they will not. 

The detail of the organization will depend very much on the size 
of the shop. In a large shop some one man should be responsible 
for all of the welding. He should not have to give direct super- 
vision to the welders, but should have enough foremen under him 
so that proper attention can be given to each welder. In the smaller 
shop the number of direct supervisors naturally would be less, but 
there should be always some one man responsible for the welding 
and he should be a capable man. 


WELDING TECHNIQUE 


As far as welding technique is concerned, it is understood that 
this applies to the actual method of making a weld. The essential 
thing in all welding is to get thorough fusion and a clean weld. 
If this is done the exact method of doing it is not of much impor- 
tance. Some welders prefer to weld backward, others prefer to 
weld forward; but equally good welds can be made either way. 

Other points in the technique are how to hold the torch and rod 
with reference to the plate. Such things as these are hard to change 
after a welder has adopted one method and changes are liable to 
result in poor work, unless, indeed, there is something radically 
wrong in his method, and therefore they should be made cautiously. 

There are other things, however, that should be definitely pre- 
scribed, such as the gas pressure, tip size and diameter of welding 
wire. The method of holding the sheets open against contraction, 
the amount to open them at the beginning and end of the weld, 
are matters upon which there is some reasonable difference of opin- 
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ion and practice, so they are matters for investigation in each case 
rather than for positive general statements. 

The question of annealing the tank or the welds is another ques- 
tion that, while it can be answered in general terms, does not admit 
of definite answer at present. For instance, some authorities do 
not believe that it is necessary to anneal where the plate is of low 
tensile strength and low carbon content, as they are quite sure that 
the residual strains due to welding are so small that they can be 
neglected. In fact, similar strains produced by riveting are never 
considered. But with higher tensile strength plate, such as the 
upper limit of firebox material, the problem is different and may 
require a different answer. 


TRAINING OF WELDERS 


This is one of the necessary features of any welding shop. It 
can be done in different ways, as by requiring the operators to serve 
a definite apprenticeship covering a period of time, during which 
certain specified periods are spent on definite work. This has the 
disadvantage of not taking into account the ease with which some 
men acquire the necessary skill. 

Another way is to put the operators through a course of instruc- 
tion prior to their going into the shop, and many authorities believe 
this is by far the better way. This method has been found more 
rapid and allows of selecting competent men without wasting 
money in finding in the shop that they are not suitable. It is used 
in other trades with marked success. As a basis for such instruc- 
tion, the courses for the training of operators in gas welding pre- 
pared by the American Welding Society are probably the best that 
now exist. These courses are not text books for the welder, but 
are for the purpose of coaching the instructor so that he does not 
forget what a welder should know. They can be used as a basis 
for any text book or series of operations that may be suitable for 
the purpose at hand. In welding steel pressure vessels, for ex- 
ample, it is not necessary that the welder be familiar with cast iron 
welding. Of course it will not hurt him to know about it, but as 
he does not use it in his work, it is a waste of time to teach it to 
him. Therefore, the part of the American Welding Society course 
referring to sheet and plate welding should be used by the instruc- 
tor as a basis for his work. It is not necessary in all cases that 
all of the course be followed, but only such parts need be used as 
pertain to the actual work in the shop under consideration. For 
instance, the methods for welding 14-in. plate and 1/16-in. sheet 
are the same in principle, but are quite different in practice, and a 
man can learn to weld thin sheet much more rapidly than he can 
learn to weld heavy plate. 

It should also be remembered that a good welding foreman may 
be a very poor welding teacher, and vice versa. This is one of 
the stumbling blocks in the way of the successful training of wel- 
ders. The combination of a successful teacher and a successful 
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supervisor is very rare in any trade, so that in any course of in- 
struction or in any shop desiring to train welders properly, this 
should be taken care of by employing, where possible, the man who 
has both abilities, and where he cannot be found, employing two 
men, each one of whom has the qualities for his position. 

Such a course of instruction properly carried out, will inevitably 
require the testing of the finished welds made by the students. 
Many tests for welds are shown in Bulletin No. 1 of the American 
Welding Society. It is not specified which one of these tests is to 
be used, but only how they are to be made if they are employed. 
A very good rough test is bending of the welded piece in a heavy 
vise, or when clamped to the side of an avil, the bending being 
done with a sledge. While this test is somewhat quantitative, it is 
not nearly as much so as the tensile test in which the test piece is 
pulled in a regular testing machine. Unfortunately, this piece of 
apparatus is not often part of the equipment of a shop, but it has 
been found by experience that when welders know that their work 
is to be regularly tested, they are anxious to see the results of their 
work and there is much competition among them to see who can 
get the best results. The only real quantitative test is the tensile 
one, and there seems to be no reason why welders should not be 
tested in this way, even if the test pieces have to be sent to an engi- 
neering school where there is a testing machine, there being no 
part of the country out of reach of at least one such school. 

It is not necessary to make frequent tensile tests, but they should 
be made at least every three months, if possible. The simpler bend 
test can be carried out more frequently and often as a surprise 
test, by requiring the pieces to be made at irregular and unknown 
intervals. 

Certainly, no welder should be employed unless it is known that 
he is competent, and before he is put to work he should be tested 
carefully. It is well known that many operators claim to be com- 
petent welders when simple tests show that they are not. 

As in all other cases, the personality and character of the opera- 
tor have much to do with his success. If he does not have the 
proper qualities, his work will be irregular and unreliable at times. 
Above everything else, he should be honest. The qualifications of 
a welder are given in considerable detail in the American Welding 
Society Bulletin on the training of operators. 

A word may be said with regard to piece work. Many authori- 
ties would like to forbic piece work on welded pressure vessels, be- 
cause some men are first class welders but slow, and it is impossible 
to bring them up to the speed of other men who are equally good, 
while the tendency is to set the prices at such a point that only the 
fastest men can make a premium. If it is properly administered 
piece work should be used only to eliminate lost motion and not as 
a device for forcing men to put more metal into the V than can 
actually be properly fused into it. 

It has been, in the past, somewhat the fashion to blame the weld- 
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er for everything that went wrong, and while he has his responsi- 
bilities and should be held to account for bad work if he knows how 
to do good work, yet the first responsibility really rests on the em- 
ployer, who has been careless about appreciating that welding is 
not work that anyone can do, but requires at least as much skill as 
any other trade. The solution of welding problems can be started 
only by getting those high up in the organization to realize that the 
welder is no better, and never will be better than they demand. 
If they insist on good work they will get it and not otherwise. 


METHODS OF PROOF TEST 


The testing of any finished tank is done to find out if it has been 
properly made and if it will, with reasonable assurance, stand the 
service for which it has been designed. It is impossible to deter- 
mine with absolute certainty in any case what is the real strength 
of a tank, unless it be destroyed by the test. So all that can be 
done is to apply as severe a test as possible without permanently 
injuring the tank. The code provides for a riveted tank a hydro- 
static test of one and one-half times the working pressure, which 
has been the customary practice for many years. 

For welded tanks the Code has accepted the recommendations in 
Bulletin No. 5, and requires that the welds be hammered while 
under the one and one-half times hydrostatic test. After this test 
the pressure is raised to three times the working fiber stress and 
held there three minutes. 

This latter requirement is for fusion welded vessels only, but it 
is not to be feared, even if the allowable fiber stress were increased 
to 8000 lb., as it would result in only 24,000 lb. test fiber stress, 
which had no effect on any of the properly welded tanks at Wash- 
ington. Under the Code the test fiber stress would be 16,000 lb. 
or but slightly more than that for riveted tanks, 16,500 Ib. 

Much of the talk about tests of welded tanks is pure bosh. It 
is admitted that a non-destructive test that is absolutely conclusive 
as to the quality of the weld would be welcomed by all of us. But 
when we consider that there never has been any such test for any 
tank, no properly designed and welded tank has ever ruptured in 
service, and that the code requires that proper construction, de- 
sign, and inspection be employed, which has not been the general 
practice, in the past, there should be no fear on any one’s part that 
the Code, modified to meet the results of the Washington tests, 
would result in dangerous construction. 











Gas Welding Instructions to Apprentices in 
Welding Sheet Metal* 


JOSEPH W. MEADOWCROFT+ 


When an apprentice is instructed in his first lesson much stress 
should be laid upon the proper use of equipment so that same is 
kept in first class condition at all times, the economy in the use 
of gases and wire and the safety rules which must be adhered to 
at all times. 

When attaching regulator to oxygen cylinders the cross bar 
should be released by turning to the left until all pressure is taken 
from the interior tension spring. This is of vital importance, as in 
case of failure to observe same the high pressure of gas in ¢he 
cylinder would injure the vital parts of the regulator. If a regu- 
lator is abused in this manner it should be returned to the repair 
department immediately or to the supply house to be repaired. 

After attaching the regulator to oxygen cylinder, and you are 
ready to turn on the valve of the oxygen cylinder, always stand in 
the rear of cylinder so that in case any part of the regulator might 
burst from excessive pressure, you would escape injury. 

The amount of pressure used in the oxygen hose line should at 
all times be governed by the pressure stipulated on pressure cards 
supplied by the manufacturer of the oxyacetylene welding equip- 
ment you are using. 

When both hose lines are attached to the regulators which in 
turn are attached to the oxygen and acetylene pipe lines, and the 
torch is coupled to same, always open the acetylene valve first. In 
case you opened the oxygen valve of the torch first, there would be 
no ignition whatever. However, if you open both valves at the 
one time, a flash back will most likely occur due to the oxygen 
(gas) operating at a higher pressure than the acetylene (gas), 
which allows the gas of the lower pressure to mix with the gas of 
a higher pressure in the hose line, causing an explosion. 

When lighting a torch you can determine whether enough pres- 
sure is on the acetylene gas by the manner in which the acetylene 
gas blows away from the tip, a distance equal to the cross section 0! 
the tip. However, you should always work from the gage to de- 
termine pressure. 

Oxygen pressure is determined by the neutral flame, which is a 
proper mixture of oxygen and acetylene and gives a heat unit o! 
6300 F., or 3468 deg C. 

Regarding the temperature of a neutral flame, the changing o/ 
various size tips only changes the volume of heat. When too 
much acetylene is used the flame will be carbonized and will cause 
the weld to be hard on the surface and will not be fused properly 


*Presented at the May, 1925, meeting of the Philadelphia Section, A Ww. 5S. 
+General Supervisor of Welding, E. G. Budd Mfg. Co 
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within. When too much oxygen is used the flame becomes oxidiz- 
ing, thus causing the weld to become very brittle, porous and easily 
broken. 

After closing valve on oxygen cylinders, open up torch valve so 
as to allow all pressure of gas to escape from the regulator and 
hose. The cross bar of regulator is then unscrewed and the torch 
valve closed. The acetylene line is closed at the gate valve and no 
more attention need be given same unless acetylene is used in tanks, 
in which case, of course, it is handled in the same manner as the 


oxygen. 
All welding stations are placed in sections of buildings where it 














Fig. 1 Training apprentices to oxyacetylene weld light gauge sheet metal 


is impossible for grease or oil to come in contact with cylinders of 
oxygen, hence there is no possibility of an accident caused by spon- 
taneous combustion. 

Much stress is laid on what is termed a flash back, which is gen- 
erally caused by the overheating of the tip, reducing of the flame 
vithout changing the tip, improper regulations, bad conditions of 
the torch, irregularity of the mixture or flame or the projection of 
ollected sparks on the working end of the tip. When a flash back 
ccurs, both valves should be closed and the torch slowly cooled in 
vater. The tip should be wiped on the end and operation started 
gain. Due to the fact that the acetylene gas is the combustible 

iixture, same should be shut off first. After a flash back occurs 
the interior walls of the tip and mixing chamber become coated with 
arbon, and should repeated flash backs occur the tip should be 
led, removed, and cleaned thoroughly. 
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The working end of a tip is the most vital part of the torch and 
should be guarded against the following: 

Tips should not come in contact with any metal or hard materia! 
of any description. 

It should not be let fall on a concrete floor. 

End of tip should not be cleaned by rubbing on an iron or wooden 
bench. 

End of tip should not be cleaned or reamed with a steel wire. 

Tip should not be removed while torch is in a heated condition. 

If tip requires cleaning, clean same with a copper wire. 

Each time a new cylinder of oxygen is attached, an inspection 

















Fig. 2. Avprentices’ welding record 


should be made of hose line and valves of cylinder. A leak in the 
acetylene gas line can be easily detected by the odor, but in the 
case of oxygen it is necessary to increase pressure on the oxygen 
hose line by turning cross bar to the right until the line gage 
shows a pressure of 25 lb. with the oxygen torch valve closed re- 
leasing tension on the regulator by turning to the left. Should a 
leak be present the line gage will return to zero, the rate of speed 
with which it returns denoting the extent of the leak. Should 
gage show no decrease, there is little possibility of a leak in the 
line. In case a leak is detected at the ground seat where oxygen 
regulator is attached to cylinder at connecting nut, unloosen the 
connecting nut a few threads and open up cylinder valve and close 
quickly. This will remove any foreign body that may get between 
the seat of regulator connection and cylinder valve. Should a leak 
still exist, the proper procedure of exchanging the regulator should 
be taken. 

When attaching connections to hose lines, unless you are using 
a hose clamp, make sure you use a piece of friction tape aroun: 
hose at connecting point to prevent wire from cutting same. Thi 
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method is the most common method used over the entire continent. 

Oxygen cylinders should be placed on their sides on the floor, or 
if same are used in a standing position, they should be held in an 
upright position by using oxygen cylinder holders. The average 
200 cu. ft. oxygen cylinder weighs 150 lb., and the result of one 
tipping over and falling on the operator or on any one passing, 
can easily be surmised. Regarding equipment, it is seldom a cylin- 
der falls with regulator attached, that it does not require repair- 
ing. 


Welding Sheet Metal 


The welding of light gage sheet metal from 1/64 to 1/32 of an 
inch in thickness, is much more difficult than the welding of other 




















Fig. 3. Samples of welds on light gauges of sheet metal by apprentices at final ex- 
amination by instructors before starting on production work. Outside of metal 
metals, same being due to the absolute neutral flame that must ex- 
ist at all times to prevent any oxidizing or carbonizing of which 
the sheet metal is very sensitive at molten heat. The selection of 
wire or filler material must be made with much more care than for 
any other metals, also the correct size is an important point in the 

selection of wire. 

The use of the proper tip is very essential as a tip too large will 
cause much warping or buckling and the sheet metal surface at 
the welded section will finish very hard and have a porous surface. 
Yet more serious difficulty is encountered when a tip which is too 
mall is used causing an insufficient amount of fusion. This type 
f weld not only gives improper fusion but very little strength is 
.cquired. 

Neither the sheet metal nor filler material should receive too 
nuch heat while weld is in operation, for if the wire or filler mate- 
rial is too large, the material being welded will burn before filler 
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material is molten, and if wire or filler rod is too small, the wire 
or filler rod will burn before fusion takes place at line of weld. 

In the welding of light gage sheet metal, a wire or filler mate- 
rial of the purest iron should be used, low carbon content and 
free from impurities. The most popular wire on the market today 
for the welding of sheet metal is guaranteed at 99.84 per cent pure 
iron. 

The wire or filler material should never be allowed to lie loosely 
on the floor as dampness will usually cause a rust to form in a very 
short time, and when rust is permitted to collect on the surface of 
the wire or filler rod, you destroy just what the manufacturer of 
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Fig. 4. Same as Fig. 3, except view is of inside of metal 


the wire has taken such great care to prevent. When a rusty wire 
or filler rod is used for welding sheet metal, the rust or oxide is 
carried into the weld as an impurity when wire or filler material is 
brought up to a molten heat. This also gives you a weld which has 
imperfections, such as pits, blow-holes, indentions and causes con- 
siderable trouble in enameling, as any of the above conditions in 
the welds would act as a reservoir for japan, which when ename 
is applied and heated at 450 deg. F., in baking ovens, same would 
produce a blow or blister. The surface must be kept free from any 
depressions or cavities in which more than the standard thickness 
of enamel can flow. 

Due to using a high grade wire or filler material for the welding 
of sheet metal, all waste of wire or filler material should be elim! 
nated by welding short ends to a new wire or rod. 

In welding sheet metal the flame is brought down to the line o! 
weld at an angle of 70 deg. and the point just touches the meta! 
The wire or filler material should never be applied until the meta 
to be welded is in a molten state and melted completely throug! 
the bottom or opposite side. As the welding or fusing of sheet 
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metal is but a casting operation as both metals are brought to 
a molten state, it can only give 75 to 90 per cent of the original 
strength. This may be brought up to about 98 per cent where 
it is possible to put the parts welded through the same heat 
treatment and operations given the original metals. In cases 
where greater strength is required the weld should be built up on 
both sides. The neutral flame should not be spread over any other 
area of the metal except area to be welded, and the flame should 
be held in a position that it just licks the metal. 

In welding a weld on a radius but little difficulty is encountered 
and little attention need be paid to same. However, in welding 
flat sheets, same is clamped firmly before welding on account of the 
distortion, or same is tacked together by 14-in. to 4-in. tacks be- 
fore welding. This keeps the edges even and gives a surface at 
joint or weld that is perfectly flat. However, there are some in- 
stances when it is necessary to use wet asbestos on the line of weld. 

Warping and buckling should be held to a minimum as a pre- 
ventive to repair work that will probably arise in finishing. A 
weld which has buckled the metal not only causes considerable re- 
working in straightening but discolors metal to such an extent that 
it requires considerable polishing. 

In conclusion, permit me to impress upon you the importance of 
safety in connection with welding sheet metal, allowing for the 
usual precautions of glasses, goggles, bursting disks, water seals, 
etc. It seems rather superfluous to dwell on the item of weld- 
ing wire or rods, but have you ever stopped to consider how 
easily one passing by a welding operator could be injured by 
the welding wire as it projects over the operator’s shoulder? 
It seems like a perfectly harmless piece of metal by which the 
operator is bending over his work, and is intent on producing 
a perfect weld and in his desire to produce this perfect weld is 
little concerned about anyone passing behind him, but if the 
operator should suddenly lift up the welding wire or rod and 
you were directly in back of him, the wire would no doubt strike 
you somewhere above the waist, probably in the face, as it is 
about that height. To eliminate this hazard entirely, each and 
every piece of welding wire should always be bent on the free end. 
This removes the sharp point of wire or filler material and makes 
the use of welding and wire a safe and sane proposition. 


The Thermit Weld for Marine Repairs* 
WM. M. KENNEDY? 


In the course of my duties in the Maintenance and Repair Divi- 
ion of the U. S. Shipping Board and in shipyard work, I have been 
alled upon to pass upon numerous marine repairs by means of 


*Presented at annual meeting A. W.S. April, 1925. 
General Supt., W. & A. Fletcher Co. 
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Thermit Welding. I have found thermit welds to be particularly 
useful in making repairs to such parts as stern frames, rudder 
posts, crankshafts, etc. 

In looking backward over the course of the last decade and 
reviewing the number of thermit welds carried out on stern frames 
and other broken pieces on ships under my jurisdiction, I find that 
the record is one of entire success. A record such as this promotes 
confidence in the feasibility of so making repairs and makes it 
reasonably certain that future welds will stand up equally well. 
The reliance placed on such work, however, is based on more 
definite data than a mere previous record. It is possible to deter- 
mine with little risk of error whether in each case the repair is 
sound or not. 

The welding of the stern frames (I use this form of repair as 
standard as it is most frequently met with, but the following facts 
relate equally to other repairs) by means of thermit is a method 
which eliminates as far as possible three factors which often stand 
in the way of successful results. These three are: 


1. Defective Material. 
2. Difficulty of Manipulation. 
3. Human Equation. 


By elimination of these three factors, as I shall show further on, 
the success of each operation is greatly enhanced, and as it has 
proved possible to check up on the soundness of the welds produced, 
the reason for the success of the thermit weld is apparent. 

Fundamentally, a thermit weld in marine repairs means the in- 
sertion of sound steel in a predetermined space, and the amalgama- 
tion of that steel with the surrounding member. The production of 
steel of the necessary strength for resistance to shock has been ac- 
complished by scientific effort in the past twenty-five years. It is 
reduced to the formation of an alloy steel, having definite tensile 
strength, by result of chemical reaction, the analysis being easily 
controlled and regulated. 

Having obtained satisfactory metal, the next step in the opera- 
tion is to secure the strong amalgamation of this new steel with 
the old metal forming the structure to be welded. Here, too, we 
are fortunately dealing with known constants—temperature, rate 
of expansion, similarity of composition and easy methods of 
handling which have been so standardized that the process is com- 
parable to the casting of the simplest form of foundry practice. A 
mold is built, the liquid steel is allowed to enter it, and as we are 
dealing with a definite quantity of metal, all of which is in the 
liquid state at one time and which begins to solidify gradually with 
a constant rate of temperature change, it is a matter of standard 
practice to allow for the contraction on cooling. This allowance, 
which is definite and not based on guess work, prevents the setting 
up of any undue strains in the welded member. It is, therefore, no‘ 
a question of expert handling to prevent the oxidation of the metal, 
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too rapid cooling, or unequal and sudden temperature changes. In 
this way, the human equation is eliminated and as little as possible 
is left to the skill of the individual operator. 

One of the features of a thermit weld which appeals strongly to 
me is the ease and assurance with which inspection of the finished 
weld can be made to ascertain if the work is satisfactory in every 
respect. 

The inspection consists in merely cutting grooves through the 
collar and, if any unsoundness is present, such unsoundness will 
thereby be disclosed. If grooves show no unsoundness, it is safe to 
assume that the entire weld is sound because the metal is poured all 
at one time, and, as solidification takes place from the center out- 
ward, any gas holes—if present—would be forced outward into the 
collar where inspection grooves would disclose them. 

This solidification from the center outward is, of course, caused 
by virtue of the chilling action of the adjacent faces of the parts 
being welded and is perhaps one of the reasons why a thermit weld 
is practically free from internal strains or stresses. 

Inspection for fusion can also be readily made by casual observa- 
tion of the edge of the collar and, if fusion does not show at the 
edge of the collar, it is only necessary to chip away enough of the 
thin edge of the collar until a point is reached that shows fusion 
with the member welded. In this connection, it can be said that the 
primary purpose of a collar is not to increase the strength of the 
weld, but is necessary during the preliminary operation of preheat- 
ing in creating a combustion chamber around the parts and later 
to make space to accommodate sufficient thermit metal around the 
sections to assure fusion. After the weld is made, this collar can 
be removed if desired and in some cases, such as most crankshaft 
welds, must of necessity be completely removed. 

In cutting the grooves in the collars of thermit welds, the ductil- 
ity of the metal can readily be observed and this ductility no doubt 
to a large measure accounts for the dependability of thermit welds. 
Of the thermit welds made under my observation I have no knowl- 
edge of a single failure, which record can be accounted for by the 
fact that simple precautions were always taken to allow for con- 
traction and standard thermit welding practice was adhered to in 
every detail in making these welds. 

It is a significant fact that in the few cases where some blow- 
holes were present in the collar and riser of the weld, the pouring 
gate was found to be entirely free of blow-holes, which condition 
indicates that the thermit metal itself was sound and free from gas 
or impurities and the holes that were in the collar or riser were in 
all probability caused by impurities in the parent metal being 
welded. It is further significant that in the rare cases where some 
»low-holes were present, the parent metal being welded was found 
to be wrought iron or steel showing upon examination considerable 
slag or oxide inclusions. 

Where such conditions exist, it has been found that by cutting 
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through the original weld and re-welding all traces of blow-holes 
have been eliminated. This, of course, is due to the fact that in the 
first welding, the ends of the sections were melted or fused and the 
gases arising from the impurities thereby eliminated ; and, upon re- 
welding, this second fusion would not extend beyond the limit of the 
first fusion and, therefore, no further liberation of gases induced. 

It is needless to say that on such marine repairs by thermit weld- 
ing not only a great saving is made over the cost of a new part 
but a much larger economy is effected in the speed with which such 
repairs can be made and the boat again put into service; also, such 
thermit welded repairs are approved and accepted by the largest 
marine insurance companies and classification societies without in 
any way affecting the insurance risk or rate on the boat. 
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Crowe and Geo. L. Walker, The Welding Engineer (May, 1925), The Welding 
Journal, London (May, 1925). 

Economy in Cutting with High Purity Oxygen, A. Krebs Vol. 26 p. 539. 

Electric Resistance Welding, Frank M. Cushing, The Welding Engineer 
(May, 1925), Vol. 10, pp. 29-32. 

Electric Welding Locomotive Frames, R. P. Palmer, Welding Engineer 
(June, 1925) Vol. 10, pp. 26-7. 
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Electric Railways and Oxwelding (April, 1925), Oxy-Acetylene Tips, pp. 
142-147. Track work, track bonds, car repairs, other truck repairs, repairs to 
electrical systems, special subway equipment, another type of jig. 

Emergency Kepair of a Cast Iron Pipe, Oxy-Acetylene Tips (June, 1925), 
Vol. 3, p. 188. 

Extravagance of “Economical Welding,” El Solando, Welding Engineer, 
(June, 1925), Vol. 10, p. 28. 

Fabricating Ferry-Boat Rudders, Oxy-Acetylene Tips (June 1925) Vol. 3, 
p. 185-6. 

Felling a Forest of Steel, Oxy-Acetylene Tips (April, 1925), Vol. 3, pp. 
133-4. 

Foundry Saves Imperfect Castings, Oxy-Acetylene Tips (May, 1925), Vol. 
3, p. 149. 

Four Compromise Joints in a Single Weld, J. C. Newman, Reactions, first 
issue, 1925 p. 6. 

G. E. Automatic Welders, Pacific Marine Review (May, 1925), Vol. 22, 
pp. 230 281. 

Heavy Cutting in the Steel Foundry, Oxy-Acetylene Tips (June, 1925), 
Vol. 3, pp. 172-3. 

Jointless Steel Smokestacks, Oxy-Acetylene Tips (April, 1925), Vol. 3, 
pp. 134-6. 

Modern Hand-Wrought Ornamental Iron Work, Oxy-Acetylene Tips 
(April, 1925), Vol. 3, pp. 137-8. 

Modern We'!ding Methods, Victor W. Page, published by Norman W. 
Henley Publishing Co., 2 West Forty-fifth Street, New York. Introduction to 
methods of joining metals, properties of the common metals, welding gases and 
their production, oxy-acetylene welding appliances, oxy-acetylene welding and 
cutting, electric resistance and are welding, thermit and its practical applica- 
tions, soldering and brazing processes, forge welding and heat treatment of 
steel. 

New Pipe Bending Process, Welding Engineer (May, 1925) Vol. 10, 
pp. 21, 22. 

Oil Refinery Condensers Made from Steel Pipe, Oxy-Acetylene Tips (June, 
1925), Vol. 3, pp. 186-88. 

Oxwelding Monel Metal Castings, Oxy-Acetylene Tips (June, 1925), Vol. 3, 
pp. 174-177. Check on the welders, selection and inspection of material, design 
and layout of welds, welding technique, inspection and test. 

Oxy-Acetylene Welded Steam Lines in Industrial Plants, Acetylene Jour- 
nal (May, 1925), Vol. 26, pp. 540, 548. 

Oxy-Acetylene Welding for the Contractor, D. C. McGiehan, Contr. Rec. 
(Feb. 25, 1925), Vole 39, pp. 177-81. «The blowpipe proves indispensable for 
the construction, repair and maintenance of equipment, and as a handy con- 
struction tool on the job. 

Oxwelding Fabricates Sturdy Pumping Jack Bases, Oxy-Acetylene Tips 
(May, 1925), p. 152. 

Oxy-Acetylene Welding and Cutting for Students, Lecture No. 9, Acety- 
ene Generators, Acetylene Journal (June, 1925), Vol. 26, pp. 596, 600, 602, 
604, 606 and 608. Types of generators, general description of a generator, 
principles of design, rules for operation, details of operation, disposition of 
ludge, flashback and filter, keep the generator well oiled; water, light and 
heat in the generator house, sludge pit, generator repairs, details of special 
valves, 

Oxygen Purity Testing, F. P. Gross, Jr., Acetylene Journal (May, 1925), 
Vol. 26, pp. 550-552. Testing Apparatus. 

Overheating in Acetylene Generators, Charles Bingham, The Welding 
Journal (May, 1925). 

Pipe Welding at Westport Station, Power (June 9, 1925), Vol. 61, p. 964. 

Procedure Control in Welding a Storage Tank, Acetylene Journal (June, 

125), Vol. 26, pp. 588, 590, 592, Oxy-Acetylene Tips (May, 1925), Vol. 10. 
eck on the welders, selection and inspection of material, design and layout 

f welded joints, preparation of the plates for welding, welding technique, test 
completed tank. 

Producing and Maintaining Automobiles, Oxy-Acetylene Tips (May, 1925), 

|. 3, p. 161. 
Production Welders Since 1898, The Welding Engineer (June, 1925), 
|. 10, pp. 19-23. 
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Proposed Code of Rules to Govern Autogenous Welding of Steam Boilers, 
Railway Journal (June, 1925), Vol. 31, pp. 25-28. Recommendation of Stand- 
ing Committee. Committee’s recommendations, butt vs. lap welded joints, 
summary of tests, plates welded on one side only, conclusions from tests, arc 
welding standards for filling rods, results of tests, recommendations governing 
the use of autogenous welding in steam boilers. 

Results of Automatic Welding, J. T. Porter, Electric Traction (June, 
1925), Vol. 21, pp. 303-4. Building up worn car wheel flanges with the auto- 
matic electric welder. 

Railroad Welding Methods, J. S. Heaton, Welding Engineer (May, 1925), 
Vol. 10, p. 23-25. elding work on fireboxes, flue sheets, repairing, mud- 
rings. 

Repairing an Aluminum Steam Jacketed Kettle, Acetylene Journal (June, 
1925), Vol. 26, pp. 591-2. 

Resistance Welding, F. E. Saunders, Indust. Austral. (Feb. 12, 1925), 
Vol. 73, p. 217-18. 

Salvaging Shears, Oxy-Acetylene Tips (May, 1925), Vol. 3, p. 166. 

Selection of Qualified Welders, Herman Ullmer, Acetylene Journal (June, 
1925), Vol. 26, pp. 585-587. 

Service Saves Money for Foundry, Oxy-Acetylene Tips (April, 1925), 
Vol. 3, p. 138. 

Testing Welded Pipe Joints, Power (April 28, 1925), Vol. 61, p. 665. 

Thermit Applications, E. H. Werner, Reactions, First Iseue, 1925, p. 15. 

Thermit Process Gives Good Results in Youngstown, D. J. Graham, Reac- 
tions, First Issue, 1925, pp. 9-13. 

Thermit Welding, H. D. Kelly, Iron and Steel Engineer (March, 1925), 
Vol. 2 p. 119-21. Cutting Steel Mill Maintenance Costs with the Welding Arc, 
A. M. Candy, Iron and Steel Engineer (March, 1925), Vol. 2, pp. 112-124. 

Torch Aids Trolley Upkeep, The Welding Engineer (May, 1925), Vol. 10, 
pp. 36, 38, 40-42. Track work, track bonds car repairs, repairs to braking 
system, other truck repairs, repairs to electrical system, special subway equip- 
ment, another type of jig. 

Transmitting Photographs Over Telephone Lines, Reactions, First Issue, 
1925, pp. 7-8. 

Track, Reconstruction with a Minimum of Traffic Delays, A. Taurman, 
Reactions, First Issue, 1925, pp. 3-5. 

Welded Joint Withstands Severe Strength Test, Oxy-Acetylene Tips 
(May, 1925), Vol. 3, p. 168. 

Welding, T. F. Barton, Southern and Southwestern Ry., Club (Jan., 1925), 
Vol. 18, pp. 8, 11-12, 15-16, 19-20, 23-4, 27-8, 31-2, 35-6, 39-40, 43-44, 

Welding Cylinder Blocks, R. K. Randall, Welding Engineer (June, 1925), 
Vol. 10, p. 33. Mechanical method, all types of are welding used, results in 
various shops, the customer’s point of view, electric welding procedure, motor- 
ists generally satisfied. 

Welding Non-Ferrous Metals, A. S. Kinsey, Canad. Machy. (Feb. 12, 
1925), Vol. 33, pp. 25, 37-8, 41. The metal groups, melting copper, composition 
of brass, rolled and drawn brass, cost brass, zine in brass, different bronzes. 
high percentage of tin, machinery bronze. 

Welding Patches on Boilers, Power (April 28, 1925), Vol. 61, p 664. 

Welding Rail Joints Under Traffic, Electric Traction (May, 1925), Vol. 2!, 

. 261. 
Welding Locomotive Main Rods, Joseph Murphy, Reactions, First Issue, 
1925 


Welding, The Economic Comparison Between Autogenous and Electr! 
Welding of Sheets. P. Schimpke, Maschinenbau (Feb. 12, 1925), Vol. 4, p! 
101-5. 

What Is the Best Method of Repairing a Girth Seam? G. A. Fidler, Powe: 
(June 16, 1925), Vol. 61, p. 957. 

Welding in the Ornamental Iron Works, Charles M. Rusk, Welding En- 
gineer (April, 1925), Vol. 10, p. 33. 

Welding in Pipe Coil Manufacture, The Welding Engineer (April, 1925), 
Vol. 45, pp. 45, 46. 

Welding Operations on the Wabash, J. A. Heaton, The Welding Engineer 
(April, 1925), Vol. 10, pp. 43-44. 

Welding, Philosophy of, P. Rylands, Gas. Wid. (Feb. 7, 1925), Vol. 82, p. 
101. 
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ACETYLENE JOURNAL | 


Established 1899 


A monthly publication devoted to gas welding and 
cutting and other uses of the gases produced by this Industry. 

If you are engaged in gas welding, or interested in any 
capacity in the Industry, you ought to be a reader of the 
ACETYLENE JOURNAL. 

Its reading pages are all devoted to the promotion of 
your business. They will help you solve the many problems 
in repairing broken machinery, manufacturing new articles, 
and increasing production in your plant. It is edited and 
contributed to by the best authorities in gas welding and cut- 
ting. Should you have difficulty on any welding job, a letter 
written to the editor describing the trouble will bring you 
immediate advice. 

Subscribe Now. Get in touch with the developments of 
the process and the benefits derived therefrom. Subscrip- 
tion price $2.00 a year. 











A sample copy will be mailed on request 
STUART PLUMLEY, Managing Editor 


ACETYLENE JOURNAL PUBLISHING COMPANY 
53 W. Jackson Blvd. Chicago, Ill. 











UTNE ONAN A 








WELDED RAIL JOINTS 


Extra copies of the Third Progress Report of the Welded Rail Joint 
Committee, published as the May issue of the Journal, may be obtained 
by members at 50c. per copy and by non-members at $1.00 per copy. 


This report can also be obtained in bulletin form from the American 
Eleetrie Railway Association, 292 Madison Avenue, New York, at $1.50 
per copy. 
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ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 


Do you understand our free loan cylinder plan? If not, 
we are glad to explain 


Supplied in the following size cylinders: 
10” x 30”—capacity 125 cu. ft. 
12” x 36”— “ 225 “ec sé 
12”x 44" “ —~— <= 


Prompt and efficient service on any quantity through plants 
and warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N. Y. 


BRANCHES: 
421 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, Ill. 
553 Monadnock Bldg., San Francisco, Cal. 


















“ee | ThoWolding Enginoor “an 


“Take the Guess Work Out of Welding” 


AN old slogan around the office of The Welding Engineer, but still 
one which cannot be emphasized too much. In your plant there 
is a man who needs timely, accurate and practical information about 
welding. See that he gets The Welding Engineer regularly. Sub- 
scribe now. 








No matter what your welding problem may be, The Welding 
Engineer is the best source of information available. Its pages 
discuss, monthly, every phase of welding. One idea from one 
issue will more than pay for a year’s subscription to this valuable 
publication. The value of the reading matter is assured for the 
best welding authorities in America are regular contributors. 


Are Welding, Electric Butt, Spot and Seam Welding, Oxy-Acetylene and the 
Thermit System, in fact every known process of joining metals is dis- 
cussed. Our Buyers’ Index reflects the progressiveness of America’s first 
manufacturers. 
Price $3.00 in the United States and Canada; $4.00 Abroad 


Sample Copy Sent Free Upon Request 
G. H. MACKENZIE, PUBLISHER WELLINGTON W. BROTHERS, EDITOR 








The Welding Engineer—608 S. Dearborn Street, Chicago, Ill. 
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Jobs That Prove the Worth of 


WILSON 





B ry. pt? 


WELDING WIRE 


Down in Cuba one railroad company has been ex- 
tending the frames of many of its locomotives, and 
another company has just built a locomotive from spare 
parts and miscellaneous material. both companies 
(the Cuba Railroad and the Chaparra Railroad) used 
No. 17 Wilson “Color-tipt” Welding Wire with entire 
assurance that they could select no better wire for 
these important jobs. 


You may not want to build or even repair locomotives, 


but these jobs prove the quality and economy you will 
always find in the use of Wilson Welding Wire 
Simply select the correct grade for the welding you 
want to do. 


There is no possible economy in the use of cheap 
welding wire. That is why Wilson insists on quality 
Suppose you try to save one, two or three cents a 
pound on wire. What does this amount to against 
your total investment in the job, including often the 
time and labor of disassembling and assembling? Wiil- 
son Welding Wire is your assurance of the utmost 
in quality and that uniformity which is imperative to 
perfect welding. 

\lways use Wilson Welding Wire—‘“Color-tipt” 
(coated and tipped with designating color) or hare 


(uncoated and untipped). Write us today for informa- 
tion and prices. 


WILSON WELDER & METALS CoO. INC. 
Wilson Bidg. Hoboken, N. J. 


Canadian Distributors: G. D. Peters &@ Co., Ltd., Montreal 


WILSON 


WELDING MACHINES AND WELDING WIRE 
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The Steere Ejtgmeering Company, 
Detroit, Mich., designs, builds, and 
erects complete gas works equipment 
—welded steel construction through- 
out, 


Steere has 3 6 


Commentingon the service of G-E Arc Welders; 
Mr, Steere says, ““With G-E Arc Welders we 
are able to cut construction costs and at the 
same time make better looking jobs. Welded 
joints are absolutely tight and last longer. 
The ease with which these G-E Welders could 
be moved about and their ready adaptability 
for various forms of service, also account for 
their favor in our organization.” 


Thirty-six G-E Arc Welders are fabricating 
such shapes as the one shown for the Steere 
Engineering Company. Only G-E Welders are 
Wherever mietele are te used—the selection came after a thorough 
be joined, built up, or cut trial. 
down, G-E Arc Welders 
will do the job most effi- In this case arc welding makes a neater job 
ciently. For your con- through the elimination of joints and fittings, 
venience Arc Welding and a construction which is much more de- 
specialists are located in pendable. It is typical of the developments 
every G-E sales office. G-E Arc Welders make possible, 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK 
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What Automatic Welding 
Showed Him About Rods 


‘WHEN I found out by actual test If the poorer metal makes the ma- 
that PAGE-ARMCO rods gave best chine stutter it must slow up the 
results in my automatic welder, it .man. 


start inking. ; , _ 
ed me thinking I'll pay a little more for an inex- 


Perhaps a good welder can do a fair pensive thing like welding rods any 


job with less uniform, less free- day to save a welder’s time. I’m 
flowing metal than PAGE-ARMCO, confident we are now getting better 
but it must take him longer to do it. work for less money.” 


Try PAGE-ARMCO. If you don’t have the same 
experience, let us know. Mail us a card and we'll 
send you an illustrated folder showing how good rods 
cut welding costs—and arrange for your PAGE-ARMCO 


test. 
PAGE STEEL AND WIRE COMPANY 





" " INGOT IRON 
Bridgeport, Connecticut 
District Offices: Chicago, New York, Pittsburgh, San Francisco. 
An Associate Company of the American Chain Co., Inc., of Bridgeport, Conn. 
Manufacturers of 
RODS WIRE FENCE 
o ingot Iron Plain and Galvanized—Rope, Woven Wire for Farm and Railway Right of Way, 
Special Analysis Tel . Page Hi-Way Guard, Wire Link Protection for 
Steels. Strand, Gas Wire Industrial Plants, Lawns, Schools and Estates, 
and Electrodes. and Factory Partition. 


PAGE - ARMCO 
Welding Wire and Electrodes 
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Let This Todd Welder 
Save You $7,000 


HICH will you have for welding purposes 

—seven machines to suit seven different 
needed welding requirements—or the Todd 
Welder that will meet all needs? 

For example, a machine each for the follow- 
ing requirements of 110 volts D.C.; 220 volts 
D.C.; 550 volts D.C.,; 220 volts, 60 Cycle, 2 Phase 
A.C.; 220 volts, 60 Cycle, 3 Phase A.C.; 440 
volts,60 Cycle, 2 Phase A.C.; 440 volts, 60 Cycle, 
3 Phase A.C. would mean an expenditure ap- 
proximating $7,000. Yet one Todd Twin Pole 
Arc Welder, gasoline driven, will meet all weld- 
ing requirements at one initial outlay. 

This Todd Welder can be driven from the 
power take-off of a Fordson engine or any other 
suitable gas engine or can be belt driven. Power 
is also supplied for operating electric drills, 
grinders, chippers, lights and other purposes 
without interfering with the welding circuit. 

These Todd Welders are furnished in two 
types for field work, ER and ER2—and are 
recommended for use as part of a Fordson. 
Write us for complete information. 


TODD TWIN POLE ARC WELDERS 
25 Broadway, New York City 
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How do you cut cast iron? 





Oxy-acetylene cutting of steel and 
wrought iron has long been a widely 
accepted practice. The cutting is done 
by a process of rapid oxidation. It is a 
true chemical reaction. For years every- 
one assumed that cast iron, because of 
its high carbon content, could not be cut. 


Oxweld engineers did not continue to 
accept this belief. They developed a 
practical method and cut cast iron. 
Moreover, they did this with unmodi- 
fied Oxweld cutting equipment. Today 
it is accepted practice in Oxweld 
equipped plants. 


If your cutting apparatus is Oxweld, 
you can cut cast iron. If your operators 
do not have knowledge of the method, 


any Oxweld representative will teach 
them. 





| OXWELD ACETYLENE COMPANY 


Chicago Long Island City, N.Y. San Francisco 
3642 Jasper Place Thompson Ave. & Orton St. 1050 Mission Street 














WELDING AND CUTTING APPARATUS 


WORLD’S LARGEST MANUFACTURERS OF WELDING AND CUTTING EQUIPMENT 











+= 
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Economy and convenience 
in welding and cutting 
are obtained by using 
the oxygen for both oper- 


ations with 


Srest-O Lite 


DISSOLVED ACETYLENE 





THE Prest-O-LITE COMPANY, INC. 
Oxy-Acetylene Division 


General Offices: Carbide & Carbon Bidg., 30 East 42d St., New York 
in Canada: Prest-O-Lite Co. of Canada, Limited, Toronto 


31 Plants —60 Warehouses — 22 District Sales Offices 





- 























1925] ADVERTISING 65 





The Standard of Quality in Gas Welding and Cutting Equipment 


The Torchweld Trademark, 
representing an original and 
distinctive development in the 
Oxy-Acetylene field, insures 


SAFETY—ECONOMY—DEPENDABILITY 
to all users of bepgrpce ~~ peg Welding and Cutting Equipment. 
Catalog No. 23-J 
TORCHW ELD EQUIPMENT COMPANY 
224 No. Carpenter St. 





Chicago, Ill. 


SWEDOX 


WELDING RODS, WIRES and ELECTRODES 


SEND FOR TESTING SAMPLE 


We want every welder in the country—big or small—to be convinced of the 
specialized superiorities of SWEDOX products. We know that a trial will 
convince you. Hence the free offer. Try SWEDOX on your next welding 
job at our expense. 

















No matter what the job is, there is 
a SWEDOX product especially made 
for it. We sought and obtained from 
the nation’s expert metallurgists and 
welding engineers the best analysis 
for each task. Science has put into 
SWEDOX rods and wire the proven 
betterments that make them the rec- 
ognized standards in every case. 


You'll find SWEDOX products free 
from impurities, uniform in analysis 


CHICAGO, ILL. 


and therefcre economical because 
their use reduces the cost of applica- 
tion and of machining. 

We'll send you a sample, at our ex- 


pense, enough for a thorough test 
one which should prove to you, as 
thousands of welders know, that 


SWEDOX products are the standards. 


SWEDOX booklet, describing the 
products and their uses in detail, will 
gladly be sent upon request. 


DETROIT, MICH 





Gatto Steel te Wte GOmbangy * vetnw 
Linceln 6780 


Lafayette “8500 














K-G Welding & Cutting Co., Inc. 
556 WEST 34th STREET 
NEW YORK CITY 


MANUFACTURERS OF 


K-G-TORCHES 
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An electric arc produced exclusively by Lincoln apparatus, having perfectly 
compensated timing elements, providing a steady uninterrupted flow of heat. 


Exclusive Design 


he Lincoln “Stable-Arc” Welder is designed to 
furnish instantly a change in voltage to take 
care of any extraordinary demand of the arc. 


This is due to the fact that the frame, as well as 
the fields of the generator, is constructed of lami- 
nated steel which decreases the reluctance of the 
magnetic circuit. 


Theresultis “Stable-Arc”—the easiest arc to main- 
tain. The inevitableresultis faster and better work. 


Operators prefer Lincoln “Stable-Arc” Welders 
for this reason. 


THE LINCOLN ELECTRIC CoO., Cleveland, Ohio 
Branches and Offices in Principal Cities 


LINCOL 


“Stable.cArc” 
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ACETYLENE FROM CAKES 


The most modern, efficient and safest source 
of acetylene supply—Carbic CAKES. 


Not an experiment. Hundreds of Carbic gen- 
erators using Carbic are in daily use on all 
kinds of welding and cutting work. 


The use of Carbic Cakes permits an ease of 
handling, a convenience and a safety not other- 
wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


CARBIC MFG. CO. 





Duluth, Minn. New York, 141-149 Centre St. 
pe pressure, Boston, 27 School Strect Chieage, 565 W. Wash. Bivd. 
Wwoleht dharaed— The Hendrie & Boltheff Mfg. & Supply Co., Denver, Colorado. 


Listed a standard Woodward, Wright & Company, New Orleans, La. 
by Fire Underwriters’ . . +: 
Laboratories. Offices and Representatives in other principal Cities 














ROEBLING 
Welding Wire 


Conforms to the specifications 
of the American Welding Society 






Exacting tests have proven 
the reliability of Roebling 
Welding Electrodes. They are 
uniform throughout and make 


the strongest welds with the least trouble in 
welding. 


John A. Roebling’s Sons Company 


TRENTON, NEW JERSEY 
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CESSES ASSIS: 


For heavy welding operations 
in all fields 


Railroad Industrial Marine 


METAL & THERMIT CORPORATION 


120 Broadway, New York 
Pittsburgh Chicago Boston S. San Francisco Toronto 











SCHEER BEEREKHRERBEEEREEE wile 
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MILBURN : 


Efficiency and economy of gases are achieved in Milburn 
Welding and Cutting Apparatus. 


Welding Torches Acetylene Generators Regulators 
Cutting Torches Compressing Plants Accessories 
Send for Catalog No. 354 


THE ALEXANDER MILBURN COMPANY 
1416-28 W. Baltimore Street Baltimore, Md. 














Essentials for Safe and Reliable Electric Arc Welding 


WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 


Write for Booklet 


TRANSPORTATION ENGINEERING CORPORATION 


260—37th STREET 327 S. LA SALLE STREET 
BROOKLYN, N. Y. CHICAGO 






























{ welding current on variable 
oemerator. 








aa: oT Pittsburgh 
Buffalo a. nee Philadelphia 


Orbaha 





5 Cincinatti Kansas - 
; Underwood Elec. Co. 6° W. T, Osborn D. H. Braymer Equipment Co. 
: ‘Chicago *  Milwa Tulsa 





J. E. Arnold 





; Westera Welding & io: “cot 
) 7 : he 














|Buy Your Oxygen 
On Specification 
For Purity 


| Airco Oxygen Is 99.5% Pure in the Cylinder | 






The Purest Oxygen Is Always 
the Most Economical 





AIR REDUCTION SALES CO. 


Manufacturer of Airco Oxygen, Acetylene and Calorene 
Aireo-Davis-Bournonville Equipment and Supplies 
Controls the Manufacture and Sale of National Carbide ) 


Home Office: 342 Madison Avenue, New York City 


26 Airco: Oxygen Piants 13. Airco Acetylene Plants 2 Airco Calorene Plants 
16 Airco District Offices 14 Airco Repair Stations 1 Airco Distributing Points \ 
Airco Apparatus Fattories and Laboratories at Jersey City and Elizabethport, N. J. : 








Anything and Everything for Oxyacetylene Welding and Cutting 


Copyright 1925, Air Refuction Sales Co. 
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